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SYNTHESIS OF g-KETO-2-METHYL-1 : 2-cycloPENTANO- 
PHENANTHRENE 


By D. K, AMARESHWAR CHATTERJEE, S1siR KuMAR SEN AND 
Bipyot KAMAL BHATTACHARYYA 


The condensation of 1-acetyl-A1:2-cyclohexene with 8-methyl-o :3:4-bicyclononane-4-one (I) in 
presence of potassium tert.-butoxide furnished 9-keto-2-methyl-1 :2-cyclopentano-1 :2 :3 :4a :4b :5 :6 :- 
8 :8a:9-dodecahydrophenanthrene (III) which was reduced by lithium in liquid ammoniato 9-keto- 
2-methyl 1 :2-cyclopentano-1 :2:3: :4b:5:6:7:8 8a :9: 10: 10a-tetradecahydrophenanthrene. This 
compound was oxidised to the lactone (VI) which on hydrolysis yielded the hydroxy-acid (vq). 
The hydroxy-acid was transformed back to the lactone (I). 


Bagchi and Banerjee (this Journal, 1946, 28, 397) condensed 8-methyl-o : 3 : 4-bi- 
cyclononane-4-one (I) with 1-methyl-2-acetyl-A!*-cyclohexene according to Huber’s 
condition (Ber., 1938, 71, 725) and the structure ‘II) was assigned to the condensation 
product on the basis of latter’s repoit. In view of the more recent publications on 
similar condensations (Turner and Voitle, J. Amer. Chem. Soc., 1950, 712, 4166 ; 
Johnson et al., ibid., 1950, 172, 3726; Braude and Wheeler, 'J. Chem. Soc., 
1955, 329) the product obtained by Bagchi and Banerjee should be regarded as a 
mixture. 


NIA at 
\come 
Oo 
(11) 


In view of recent recognition of high physiological activity of 19-nor-steroid (Birch 
and Mukherjee, J. Chem. Soc., 1949, 2531; Wilds and Nelson, J. Amer. Chem. Soc., 
1953, 18, 5366; Djerassi et al., ibid., 1953, 78, 4440 ; 1951, 78, 3540; 1956, 78, 2479; 
Sandoval et al., ibid., 1953, 78, 4117) the condensation of (I) (Banerjee and 
Shafer, ibid., 1950, 72, 1931) with 1-acetyl-A!-cyclohexene under the condition 
of Johnson etal. (loc. cit.) has been studied. ‘Io get a clue about the struc- 
ture of the condensation product, obtained as an oil in 40-50% yield, it was reduced 
with lithium aluminium hydride and then dehydrogenated, but unfortunately no aro- 
matic hydrocarbon could be isolated. The aforementioned oil on vaarte petit 
furnished a crystalline aB- unsaturated ketone in 27% yield. 


J 
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O 
(III) (IV) 


To distinguish between the structures (III) and ‘IV) for the crys‘alline ketone, 
it was converted into 2 : 4-dinitrophenylhydrazone ; the ultraviolet absorption of D.N.P. 
of (III) may be expected near 390 mp and that of (IV), near 404 mp, as has been shown 
by Djerassi and Ryan (ibid., 1949, 71, 1000) with A*-unsaturated-3-keto-steroid and 
A!.unsaturated-3-keto-steroid. The actual absorption at 377 mp in ethanol or 384 mz 
in chloroform indicated that the parent ketone might be represented by the structurc 
(III). This conclusion has been proved by the following degradative studies : 


| | 
ll » \4 CH, 
re) 
O——CO 
(Vv) (v1) 4 
| | CH, | CH, 
(VII) (VII) 


The unsaturated ketone was reduced by lithium in liquid amnionia, and since the 
‘product, thus obtained, did not show any ultraviolet absorption, it was oxidised follow- 
ing the method of Fieser (ibid., 1053, 75, 4386). This saturated ketone, obtained 


“directly as a crystalline material or through D.N.P., was treated with perbenzoic acid 


to furnish the lactone (VI) which was hydrolysed with alkali to the hydroxy-acid (VII) 
in 85% yield. The structure of the latter was established from its neutral equivalent 
data and its transformation with dilute sulphuric acid back to the original lactone (cf. 
Rothman et ul., ibid., 1954, 76, 527). The structure (VII) for the hydroxy-acid is 
preferred because in per-acid oxidation of ketone to lactone the extra oxygen atom 
usually attaches itself to the more substituted carbon atom (Doering and: Speers, ibid:, 
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1950, 72, 5515). The hydroxy-acid was oxidised according to the method of Fieser 
(loc. cit.) amd the crude reaction product furnished a 2:4-dinitrophenylhydrazone, 
indicating the formation of the keto-acid (VIII). 

Since the starting 8-methyl-o : 3 :4-bicyclononane-4-one (I) has been proved to be 
a cis compound (Banerjee and Shafer, loc. cit.) the ring fusion of C and D of the com- 
pound (V) is cis. The ring fusion of A and B is most probably trans because of C,- 
carbonyl group. From avalogy with the method of preparation of Rapson-Robinson’s 
ketone (J. Chem. Soc., 1935, 1285) it may be expected that the backbone of perhydro- 
phenanthrene skeleton (C,.—C,») is anti. The 1eduction of the C,—C, double bond 
in steroid with dissolved metal usually produces the more stable configuration ; con- 
sequently ring fusion of B and C seems to be trans. ‘The probable stereochemical 
configuration of the saturated ketone is represented by (V). 


*EXPERIMENTAL 


9-Keto-2-methyl-1 : 2-cyclopentano-1 dodecahydro- 
phenanthrene (III).—To a solution of potassium metal (1.1 g.) in ‘tert.-butanol (30 c.c.) 
was ¢dded dropwise with constant shaking under nitrogen atmosphere a solution of 
1-acetyl-A\!*-cyclohexene, A*#*. 232 mp (log 3.96) and the compound (I, 3.9 g.) was 
prepared according to the procedure of Banerjee and Shafer (Joc. cit.) in dry thiophene- 
free benzene {40 c.c.). During the addition the reaction mixture warmed up slightly 
and the resulting orange-red solution was allowed to stand for 16 hours at room tem- 
perature. It was refluxed for 5 hours and then acidified with cold dilute acetic acid. 
The aqueous layer was separated and most of tert.-butanol and benzene were removed 
under reduced pressure. The residue, thus obtained, was diluted with water and 
extracted 4 times withether. The extract was washed with dilute sodium bicarbonate 
solution and finally with water. The solvent was dried and the residue fractionated : 
(i) b.p. 60-70°/o.8 mm (1.6 g.); (ii) b.p. 160-80°/1 mm (2.7 g.), an almost colorless 
oil, Aw: 242 mp (log ¢ 3.94). A portion of the fraction (ii). was redistilled, b.p. 150- 
55°/o.2mm,. (Found: C, 83.92; H, 9.68. C,sH.sO requires C, 83.72 ; H, 10.08%). 

The above condensation product (0.85 g.), dissolved in dry ether (40 c.c.), was 
reduced with powdered LiAIH, (0.15 g.) by refluxing for x hour. The cooled 
reaction mixture was decomposed by careful addition of ice-water, followed by an 
ice-cold H,SO, solution (10%). The acidified solution was thoroughly extracted 
with ether and the extract was washed with water. The residue, obtained after. 
removal of the solvent, was dried and transferred to a fractionating Claisen flask with dry 
benzene (30 c.c-). -Toluenesulphonic acid (25-30 mg.) was added to the benzene 
solution and the reaction mixture was slowly distilled when the distillate (15 c.c.) 
was collected during one hour. The reaction mixture was cooled and washed with 
cold dilute sodium bicarbonate solution and finally with water. The solvent was 
temoved and the residue was evaporatively distilled to yield a slightly coloured 
material, b.p. 90-95°/0.15 mm, A“*, 245 mp (log € 3.95). (Found: C, 89.67; H, 
10.38. requires C, 89.25 ; H, 10.74%). 


*All melting points are uncorrected. Thef ultraviolet absorption spectrum was ih wy the 
Unicam spectrophotometer meter, S.P. 500. 
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_ The oily product from the above experiment was dehydrogenated by heating 
for 3 hours with 30% palladium on charcoal catalyst (0.1 g.) at 250°-320° in 
Heymann’s dehydrogenation apparatus. The reaction product was extracted with 

ether. After removal of the solvent the residue did not furnish any picrate. 
A solution of the aforementioned condensation product (2.7 g.) in dry petroleum 
a ether (b.p. 60°-80°) was adsorbed on a column of activated alumina (Merck & Co., 
ea 90 g.) and the chromatogram was first eluted with petroleum ether. ‘Twelve fractions 
a (150 c.c. each) were collected. To each of the fractions a little methanol was added. 
& After a week beautiful crystals with some adhering oil were noticed in each fraction (II 
a to XII). The crystals were combined together and recrystallised once from methanol, 
yielding (i) solid (0.6 g.), m.p. 85-90° and (ii) an oil (0.3 g.). Fractions obtained when 
benzene and ether were used as the eluting solvent were combined together (0.7 g ), 
ns = 240 me (log ¢ 3.48) and 249 mp (log ¢ 3.5). The oil (1 g.) from the mother- 
55 liquor of the above crystallisation and fraction (I) was rechromatographed over 
alumina (60 g.) using petroleum ether (60°-80°) as the eluting solvent. ‘Twenty fractions 
(60 c.c. each) were collected. From fratcions (X to XX), the crystalline material 
a3 (o.12 g.), m. 85 90°, was obtained. The oil (0.72 g.) obtained from fractions (1 to XX) 

was evaporatively distilled at 130-40°/e.4 mim, 249 mp (log 3.3). 

A part of the above crystalline material (70 mg.) was recrystallised three times 
from dilute methanol to furnish white prisms (20 mg.), m.p. 95.5-96°, At; 243mm (log « 
4.13). (Found: C, 83.24; H, 10.73. CysH2.O requires C, 83.72; H, 10.08%). 

The above crystalline unsaturated ketone (53.5 mg.) and 2:4-dinitrophenyl- 
hydrazine (40 mg.) were dissolved in absolute ethanol (10 c.c.) by heating and then 
treated with 2 drops of HCl (conc.). The resulting solution was heated on the steam- 
bath for 2 minutes and allowed to stand at room temperature when a crystalline material 
r * {59 mg.), m.p. 170-71°, separated out. ‘This was recrystallised four times from absolute 
ethanol to furnish stout orange-red needles, m.p. 175-77°, AM. 266 mp (log © 4-18) 
and 384 mp (log € 4.4); Aus, 258 mp (log € 4.2) and 377 mp (loge 4.4). (Found: N, 
13.10. C,.4H3;,0,N, requires N, 12.78%). 

9-Keto-2-methyl-1 : 2-cyclopentano-1 :2:3:4:4a:4b:5:6:7:8 :8a:9:10: 10a-tetra- 
decahydrophenanthrene (V).—To a stirred solution of dry ether (45 c.c.) in anhydrous 
liquid ammonia (400 c.c.) was added in small pieces lithium metal (300 mg.), followed 
by the dropwise addition of a solution of the crude unsaturated ketone (III, 300 mg.) 
in ether (30 c.c.). ‘The stirring was further continued for 20 minutes and then 
solid ammonium chloride was added in small portions just to discharge the blue 
colour of the reaction mixture and then left overnight. The residue after 
addition of cold water was extracted 3-4 times with ether. The ether extract was 
washed with water and dried over anhydrous sodium sulphate. On removal of the 
solvent the residue was dried under reduced pressure. To a solution of the crude 
| reduction product (300 mg.) in dry benzene (2 c.c.) and glacial acetic acid (2 ¢.c.) was 
| added a solution of sodium dichromate dihydrate (0.2 g.) in glacial acetic acid (2 c.c.). 

The reaction was allowed to proceed at room temperature for 12 hours. Cold water 

(50 c.c.) was added to the reaction mixture and after separation of the benzene layer, 
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the aqueous layer was extracted 4 times with ether. The combined ether-benzene 
extract was washed twice with cold water, then three times with cold saturated sodium 
bicarbonate solution and finally with cold water. The solvent mixture was dried 
over anhydrous sodium sulphate and on removal of the volatile solvents, the residue 
was evaporatively distilled at 110-15°/o.2 mm. The sublimate solidified to silky 
needles with adhering oil (230 m8.), m.p. 62-65°. This was recrystallised 3 times 
from methanol to furnish white needles (60 mg.), m.p. 73-74°. The mother-liquors 
were combined together and treated with 2:4-dinitrophenylhydrazine with a few drops 
of HCl (conc.), The crude D.N.P., m.p. 197-201°, was purified by chromatography 
on alumina (10 g.) with benzene as the solvent to furnish a imgterial, melting at 213-14° 
(200 mg.) which was crystallised three times from ethyl acetate to afford orange 
crystals, m.p. 215-16°; Aus, 366 mu (loge 4.15). (Found: N, 12.60. CyH;,0.N, 
requires N, 12.72%). 

A solution of the above D.N:P. (200 mg.) in chloroform (11 c.c.), pyruvic acid 
(11.6 ¢.c.) of neutral equivalent 90-92 (gift from G.D.A. Chemical Ltd., Calcutta) 
and approximately 4N anhydrous hydrobromic acid in acetic acid (1.3 c.c.) was stirred 
at 50-60° for 3 hours. The completion of the reaction was indicated by appreciable 
lightening of the colour of the solution. This was cooled, diluted with water and 
the chloroform layer was washed with sodium bicarbonate solution and finally with 
water. The solvent was dried and evaporated. The residue was chromatographed 
over alumina (11 g.) and the substance, eluted with petroleum ether, was evaporati- 
vely distilled at 105-10°/o.2 mm _ to yield white ciystalline needles (85 mg.), m.p: 
69-70° which was crystallised from methanol, m.p., 73-74° and then sublimed at 
105-10°/o.2 mm. (Found: C, 83.13; H, 10.96. CisH.s.O requires C, 83.05; H, 
10.83%). The conversion of pure unsaturated ketone (III) to the saturated ketone 
(V) by the above procedure furnished a better yield (85%). 

Lactone of 8-Methyl-5-(2’-hydroxycyclohexyl)-hydrindane-4-acetic Acid (VI).— 
(a)._ To the saturated ketone (100 mg.) in a test tube covered with black paper was 
added a solution of perbenzoic acid in chloroform (2 c.c., 5.5%), acetic anhydride 
(0.025 ¢.c.), acetic acid (0.2: c.c.) and acetone {5 c.c.) and the mixture left for 8 days in a 
dark place. A blank experiment was also performed simultaneously. After titra- 
tion, which indicated the utilisation of one mole of perbenzoic acid, the reaction 
mixture was extracted 3 times with ether. The ethereal layer was washed with 
sodium thiosulphate, cold 2% NaOH solution and finally with water. After drying 
over anhydrous sodium sulphate, the ether was removed and the residue was evaporati- 
vely distilled at 110-20°/o.2 mm to yield a solid with adhering gum which was once 
crystallised from n-hexane to furnish white silky needles of the lactone (21 mg.), 
in.p. 145-46°. 

(b). To the saturated ketone (200 mg.) was added a solution of perbenzoic acid 
in chloroform (4 c.c., 5.5%). The reaction mixture was allowed to stand for 20 hours 
in the refrigerator and then 12 hours at room temperature. It was worked up as 
above and the crude product was evaporatively distilled at 110-20°/o.2 mm to yield 
a white crystalline solid, m.p. 120-26° which was crystallised several times from 
n-hexane to furnish white silky needles (110 mg.), m.p. 147-48°. (Found: C, 78.42; 
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H, 10.40. C,sH2.0, requires C, 78.26; H, 10.14%). It may be mentioned that the 
lactone was obtained in 52% yield even when the reaction mixture was allowed to 
stand only for 24 hours in the refrigerator. 

Acid (V11).—To a solution of 
the lactone (110 mg.) in distilled methanol (1 c.c.) was added methanolic KOH solution 
(x ¢.c., 10%). ‘The mixture was refluxed for 4 hours on the water-bath. Most of 
the methanol was removed and water (5 c.c.) was added when a clear solution was 
obtained. The solution was extracted 3 times with ether. The aqueous solution 
was acidified with 1% H,SO, solution when a white crystalline solid was precipitated. 
It was extracted with ether, the extract washed several times with water and dried 
over anhydrous sodium sulphate. On removal of the ether the white crystalline 
residue {100 mg.) was crystallised twice from a mixture of ethyl acetate and petroleum 
ether to furnish a material of m.p. 148-49° which was recrystallised three times from 
dilute methanol to afford pure hydroxy-acid (44 mg.), m.p. 169-70°. (Found: C, 
73.65; H, 10.43; N.E., 201. CisHsoQs requires C, 73.46; H, 10.20%; N.E., 204). 
Equal parts of the hydroxy-acid, m.p. 169-170°, and the lactone, m.p. 147-48", were 
mixed together and the mixture melted at 124-25°. It may be mentioned that pure 
hydroxy-acid can be sublimed at 140-50°/0.2 mm without lactonisation. 

The lactonisation of the above hydroxy-acid was performed as follows: Pure 
hydroxy-acid (16 mg.) was heated with sulphuric acid (10%) for 2 hours on a 
water-bath. The solid was filtered, dried and sublimed at 115-20°/0.4 mm. The 
sublimate (8 mg.), m.p. 145-46°, was crystallised from m-hexane, m.p. 147-48°. The 
mixed m.p. of this solid with the pure lactone, 147-48°, remained undepressed. 

Dinitrophenylhydrazone of 8-Methyl-5-(cyclohex-2’-one)-hydrindane-4-acetic Acid.— 
To a solution of the hydroxy-acid (100 my.) in dry benz.ne {1 c.c.) and glacial acetic 
acid (1 ¢.c.) was added a solutio: of sodium dichromate dihydrate (o 1 g.) in glacial 
acetic acid (1 c.c.). The reaction was allowed to proceed in the refrigerator for 12 
hours and then worked up as before except the treatment with base. The oily residue 
after evaporation of the solvent was heated to boiling with methanol (10 c.c.}, 2: 4-dini- 
trophenylhydrazine (80 mg.) and a drop of HC! (conc.). The concentrated solution 
was left at room temperature for 40 hours when a yellow 2 :4-dinitrophenylhydrazone 
separated out. This was crystallised 3 times from alcohol to furnish yellow silky 
needles (45 mg-), m.p. 198-99", 365 mu (log 4.35). (Found: N, 11.85, 11.99. 


requires N, 11.86%). 
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REDUCTION OF DICHROMATE BY HYDROBROMIC AND NITROUS 
ACIDS IN PRESENCE OF MANGANOUS SULPHATE 


By K. CHATTERJEE AND B. P. Gyani 


Hydrobromic and nitrous acids can be titrated potentiometrically with potassium dichromate in 
presence of strong sulphuric acid (8-12 N) and excess manganous sulphate at room temperature 
(20-22°). Hydrochloric acid is not suitable. Steady potentials are easily attained. Under the ex- 
perimental conditions the manganous ion is assumed to be first oxidised to manganic ion in spite of the 
standard oxidation potential of the corresponding electrode being Jess than that of the Cr3+—Cr,0;?- 
electrod® The manganic ion can then oxidise bromide or nitrite ions rapidly. When the sulphuric 
acid concentration is lower or higher, the figures obtained are less than the correct ones, namely tree 
moles of nitrous acid and six of bromide ions per mole of potassium dichromate. 


Direct reduction of dichromate by bromide or nitrite is a slow process. Conse- 
quently, it appears that such a titration has not received any notable attention. Dhar 
(J. Chem. Soc., 1917, 111, 707), however, found a general increase in the rate of oxida- 
tion by dichrumate in presence of manganous sulphate. Bobtelsky and Glasner (J. 
Chem. Soc., 1948, 1376) studied the rate of oxidation of hydrobromic acid by chromic 
acid and found this rate to increase greatly in presence of MnSQO,. None of these 
authors explored the possibility of using these reactions for analytical procedures, We 
therefore took up the titrations mentioned above, 


ExPERIMENTAL 


The apparatus and procedure were similar to those employed previously by Gyani 
and Prasad (this Journal, 1955, 82, 313). A.R. quality of K,Cr,O, and KBr and pure 
recrystallised NaNO, were used. The titrations were all performed at the room tempera- 
ture (20-22°). 


The Reaction between Dichromate and KBr in presence of Mu**.—o oo5 M-K,Cr,0, 
(roo c.c.) was titrated with M-KBr in presence of 0.3M-MnSO,, in the following 
H,SO, concentrations: (A) 14N, (B) 12N, (C) 10N,(D) 8N, (E) 6N. The 
corresponding curves are shown in Fig. 1. Some of these titrations were repeated in 
presence of 0.05 M-MnSO,. Curve (F) is typical of titrations in 4-6 N HCI or 8N-H,SO, 
saturated with KCl. 
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Fic. 1 
Bromide-dichromate. 


X—_y 


Moles KBr per mole KCrq07. 


A deep cherry-red colour appeared on mixing the dichromate and MnSO, solutious. 
As this indicated oxidation of Mn** to Mn**, the reaction mixtures were stored in a 
dark place for a few hours before titration to complete the oxidation process. In (A) 
and (B), the mixtures were immediately titrated as a precipitate appeared on keeping. 
(E) and the mixtures containing o.o5N-MnSO, had to be stored for a day since the 
oxidation appeared to beslow. Brown vapours of bromine appeared and the red colour 
decreased as the bromide solution was gradually added. 


Steady potentials were quickly set up in high conceutrations of H,SO, up to 8 N. 

Nearly 15-20 minutes were, however, required for the potentials to be steady near the 
equivalence point. ~The equilibrium was slow at lower concentrations of acid or MnSQ,. 
In presence of HCl the potentials were never steady. The curve (F) refersto a rapid 
titration. : 
' In (B) to (D) inflections correspond to six moles of KBr per mole dichromate. “The 
inflection in (A) was at 5 moles and in (E) at 4.5 moles. Curves were more and more 
steeply inflected as the acid concentration increased. Titrations in lower acid con- 
centrations (6 N) and lower MnSO, concentrations (0.05 M) were not only slow but the 
reproducibility was also poor. (F) was the poorest in these respects. 


The Reaction between Dichromaie and Nitrite.—Titrations of 100 c.c. of 0.005 M 
dichromate (0.3 M-MnSO,) with M-NaNO, were carried out in presence of the follow- 
ing H,SO, concentrations: (A) 14 N,(B) 12N,(C) 10 N,(D) 8 N and (E) 6N; and 
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of HCl conccentrations :(F) 5 N and (G) 4.5N. ‘Thecorresponding graphs appear in 
Fig. 2. Some of these titrations were repeated in 0.05 M-MnSO, and also in lower 
concentrations of sulphuric acid (less than 6 N). 

Fic. 2 


Nitrite-dichromate, 


275 30 


a 


Moles NaNO, per mole K,Crq0;. 


Appearance of the cherry-red colour and attainment of equilibrium are governed 
by the same factors discussed in connection with bromide, -The mixtures had therefore 
to be stored as before. The colour change at the equivalence point was, however, 
much sharper, from deep red to emerald-green. In (B) to (D), steep inflections at three 
moles of NaNO, per mole of dichromate were obtained. In (A), (E), (F) and (G) the 
inflections were at 2.75, 2.90, 2.40 and 2.80 moles respectively. ‘Titrations in lower 
acid concentrations or MnSO, concentrations were again of little practical value. 


DIscuUSSION 


Inflections at 6 moles KBr and 3 moles NaNO, may correspond to the following 
reactions : 

(i) K,Cr,0;+6KBr+7H,SO, = Cr,(SO,); + 3Br, + 4K,SO,+7H,O 

(ii) K.Cr,0,;+3NaNO,+4H,SO, = Cr,{SO,), + 3NaNO, + K,SO, + 4H,0. 


Bromide and nitrite are, however, oxidised rapidly and quantitatively only in 
presence of MnSO,. The development of the characteristic red colour and its disappear- 
ance at the equivalence point, revealing the green colour of Cr**, suggest that bromide 
and nitrite are oxidised by Mn**, an equivalent quantity of which is produced in the 
first place by oxidation of Mn** by Cr,O,*~. The action of Mn** may be represented 


by the following equations : 
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(iit) K,Cr,0, + 6MnSO, + 7H.SO, = Cr,(SO,); + 3Mn,(SO,); + K,SO, + 7H,O 
(iv) 3Mn,(SO,),+6KBr = 6MnSO, + 3Br, +3K,SO, 
(v) = 3NaNO, + 6MnSO, + 3H,SO,. 


It will be seen that all the Mn** are reduced back to Mn’* and the total concen- 
tration of the same does not change when the reactions are completed. The part played 
by the Mn** is therefore truly catalytic. 

Table I records the standard oxidation potentials of the reactions concerned (Lati- 
mer, ‘“The Oxidation States of Elements and their Potentials in Aqueous Solutions”; 
PP. 340-45, Prentice-Hall, New York, 1952). 


I 
Reaction. Reaction. 
Mn?* = Mn** + e 51 2Br~ = Brg(liq) +2¢ —1.07 
2Cr3+ + 7H,O = Cr,0;?- + 14H* + 6¢ —1.33 HNO, + H,O = NO; + —0.94 


The oxidation potential of Cr**—3Cr,0,"~ is higher than that of Mn?*—Mn**. Ina 
solution of unit activities of the ions (in absence of extraneous ions) therefore there is 
not much possibility of oxidation of Mn**. There is little doubt from our observations 
that such an oxidation does take place before the titrationi is started. The oxidation 
potential of Mn**—Mn** must therefore be increased to a value less negative than 
—1.33 under the actual experimental conditions. A consideration of the general 


equation 
RT ,. [oxid] 


E=E [red] 


| shows that either E°’ is higher than E°, the standard potential in absence of acid and 


other ions or [red] is unduly reduced. ‘This latter is possible if Mn** forms a complex 
with the bisulphate ion as suggested by Fales and Roller (J. Amer. Chem. Soc., 1920, 
51, 345). Since a large amount of MnSQ, is required, the action of Mu**-Mn** is not 
like that of Ce**—Ce‘* in establishing a quick equilibrium in redox titrations, It 
appears that the altered value of E must yet be more negative than those of experimen- 
tal oxidation potentials of Br~—Br, or NO,-—NOs to produce the required oxidations. 
This is fortunate since the possibility of removal of these ions (by complex formation 
or otherwise) cannot be ruled out. Bobtelsky (loc. cit.) points out that the reaction 
Mn** + Br —> Mn** + 4Br, involves a direct removal of electron from the Br’, 
making a rapid reaction possible. 

The above considerations help to understand why sulphuric acid concentrations 
have to be properly adjusted (8-12 N) as also the amount of MnSO, to be added. Neg- 
lect of these leads immediately to a faiiure of titration in bo:h the cases. Incidentaily, 
a full investigation of the four electrodes listed in Table I is called for. 
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ON THE ESTIMATION OF BERYLLIUM. PART II. A NEW RAPID 
GRAVIMETRIC METHOD FOR ITS ESTIMATION IN BERYL 


By ApurBA KuMAR SEN GUPTA 


A rapid gravimetric method for the determination of beryllium in beryl, based on a new extraction 
process using sodium tetrafluoborate as flux, has been described. In the present method silica is 
driven away during fusion and beryllium is separated as _ tetrafluoberyllate from the sparingly soluble 
complex fluorides of iron and aluminium and then it is estimated as barium fluoheryllate. The 
method has been compared to several other ones and advantages over others have been discussed. 


Several gravimetric methods for the estimation of beryllium iu beryl have been 
described in the literature. In one of these methods (Copaux, Compt. rend., 1919, 168, 
610) beryl was decomposed by Na,SiF,. In other methods the disintegration of the 
mineral has always been done with the help of alkaline fluxes. After removal of silica 
and separation of beryllium from others, it has been estimated as BeO (Schoeller and 
Powell, ‘‘The Analysis of Minerals and Ores of the Rarer Elements’’, 1955, p- 66, 
Hafner Publishing Company, New York ; Hillebrand and Lundell, ‘‘Applied Inorganic 
Analysis”, 1953, p- 518, John Wiley and Sons Inc., New York ; Quadrat and Svejda, 
Chem. Obzor., 1950, 25, 85). Inthe recent methods, after masking iron, aluminium 
etc. by EDTA, beryllium has been separated as beryillium hydroxide (Brewer, Analyst, 
1952, 77, 539), beryllium ammonium phosphate (Huré et al., Anal. Chim. Acta, 1952, 
7, 37), or extracted as basic butyrate (Banerjee et al., ibid., 1954, 10, 256). 

In the present communication a new method, utilising sodium tetrafluoborate as flux 
for the decomposition of beryl, has been described (Sen Gupta, Science G& Culture, 1956, 
21, 687). Potassium tetrafluoborate has not been utilised due to its lower solubility and 
its coprecipitation with BaBeF, (Dutta and Sen Gupta, this Journal, 1956, 38, 146). 


ExPERIMENTAL 


Sodium tetrafluoborate was prepared from molar proportions of boric acid, sodium 
fluoride and excess of hydrofluoric acid, It was then recrystallised from water, washed 
with alcohol and dried. All the other reagents used were of reagent quality. 

The following three methods were tried for standardisation of a sample of beryl 
(ground to 200 mesh and properly sampled), which was utilised throughout the work: 

_ (i) Estimation of beryllium after separation of iron and aluminium by 8-hydroxyquino- 
line (Schoeller and Powell, loc. cit.) was followed except that double precipitations of 
aluminium and iron oxinates were done and at the last a fusion of the BeO with sodium 
carbonate wag made and after separation of the soluble salts by leaching with hot water 
‘BeO was estimated. (ii). Estimation as BeO according to Brewer (loc. cit.). (iii) Deter- 
mination as Be,P,0, (Huré et al., loc. cit.). 

Procedure.—For determining the complete disintegration temperature, beryl was 
mixed with different proportions of sodium fluoborate and heated at different tempera- 
tures. It was found that the ratio beryl: NaBF, should at least be 1:12 and the tem. 
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perature for complete decomposition of the mineral should be above 540°: (ascertained 
by spectrographic analysis of the residue when silicon was found to be absent); but by 
the single fusion process (Method B, vide infra), only about 98.5% of total beryllium 
was found to be recovered. That the first residue (containing aluminium, iron fluorides 
etc.) left after separation of beryllium contained beryllium was ascertained firstly by 
comparing the % Be recovered as BaBeF, with that found by other methods, which were 
utilised for the standardisation, and secondly, by analysing the residue spectrographically 
in which the ultimate lines of beryllium were de‘ected. Hence, it was mecessary to 
resort to refusion of the first residue with NaBF, and it was found that the second 
residue obtained after refusion and extraction contained no beryllium. 


Method (A).—Beryl (0.25—-0.35 g.) was mixed iutimately with NaBF, (4 g.) in a 
platinum crucible (30 c.c. capacity). It was then heated with a Bunsen burner first for 4-5 
minutes intermittently and then continuously for 10-12 minutes (continuous heating 
over 15 mins. resulted in a difficultly extractible mass). The crucible was taken in about 
100 c.c. of hot water, boiled for several minutes and digested on a water-bath for 20-30 
minutes. After removal of the melt, the solution was boiled for 2-3 minutes and cooled 
to 40-50°. Solid sodium bicarbonate was added to raise the pa ~ 7.2-7.4 (tested with 
pu-paper). The solution was then boiled for a minute or two and after cooling filtered 
through a fine filter paper. ‘The transference and washings (about 8-10 times) were done 
by 1% NaHCO, solution. (It was observed that if px of the solution was not raised and 
filtered as such and the residue washed with water, iron and aluminium found their way 

_into the filtrate and subsequently into BaBeF, precipitate). To the filtrate boric acid 
(3 g.) was added and its volume was reduced to 100 c.c. 


ve 


The residue was again fused with NaBF, (1.5 g.) for 5 minutes ; the melt was taken 

in solution and sodium bicarbonate (0.5 g.) and sodium chloride (0.25 g.) were added. 

' The solution after boiling and subsequent cooling was filtered through fine filter paper ; 

« the residue was washed as before with 1% NaHCO, solution till free from chloride. 

The combined filtrates were reduced to 250 c.c , cooled and HCI (5N) was added to the 

violet colour of Wesselow’s indicator. The solution was heated to boiling and BaBeF, 

precipitated by dropwise addition of hot 5% BaCi, solution. After heating on a water- 

bath for an hour, the solution was filtered through a tared sintered glass crucrible, 
washed with hot water, then with alcohol, and dried at 110-120°. 


Method (B).—This method was similar to the previous one except that the refusion 

i of the residue was omitted. The method (A) was followed up to the adjustment of px by 
NaHCO,. The solution was boiled for 2-3 minutes, NaCl (0.25 g.) was added and after 
cooling it was filtered. The residue was washed with 1% NaHCO, solution till free 
from chloride. Boric acid (3 g.) and Wesselow’s indicator were added,, and BaBeF, 
precipitated and estimated as before. ale 


Taste I 
) % BeO found in a sample of beryl. 
Method (i) 12.84, 12.92 
(it) 12.78, 12.78, 12.83 
(A) se “es 12.93, 12.94, 12.82 


(B) 12.67, 12.66, 12:71 
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DISCUSSION 


The results given above show the relative accuracies of the methods. As low results 
were obtained each time by method (iii), the results were not submitted ; low results 
were also obtained even with pure beryllium solution, probably under the conditions 
laid down in that method for the precipitation of beryllium ammonium phosphate, the 
precipitate did not attain the formula BeNH,PO,. 

It was found that the beryllium oxide obtained by methods (i) and (ii) and barium 
fluoberyllate obtained by method (A) contained traces of aluminium as revealed by the 
appearance of its very faint ultimate lines during their spectrographic examination. 
It was found, however, that the barium fluoberyllate obtained according to the method 
(B) contained no aluminium, but this method gave slightly low results as discussed 
earlier. 

It was found that amongst the three methods utilised for standardisation, method 
(ii) was found to be very convenient requiring less time. But the methods suggested in 
the present paper require least time in comparison with the others and so muy be 
utilised with advantage. 

Author’s best thanks are due to Prof. P. B. Sarkar, Dr.es. Sc., F.N.I., Head of 
the Department of Pure Chemistry and the Ghosh Professor of Chemistry, University of 


Calcutta, for his encouragement, suggestions and providing all laboratory facilities. 


He is also greatly indebted to Sri N. N. Ghosh cf the Pure Chemistry Department and 
to Dr. R. K. Dutta for their encouragement and suggestions. 
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HYDROXYFLUOBERYLLATES. PART IV. COMPLEX HYDROXYFLUO- 
BERYLLATES AND HYDROXYFLUOBERYLLATES OF SILVER, 
THALLIUM AND HYDRAZINE 


By GRiHAPATI MITRA 


The hydroxyfluobervllates of monovalent thallium, silver and hydrazine have been prepared and 
their properties studied. All these hydroxyfluoberyllates are excessively soluble in water. The 
silver and hydrazine salts are also soluble in 60% alcohol. A solution of silver hydroxyfluoberyllate, 
when boiled vigorously for a pretty long time, gives an insoluble black precipitate of silver oxide 
Thallium hydroxyfluoberyllate is slightly deliquescent in nature. The solubilities of these compounds 
are greater than those of the corresponding sulphates or fluoberyllates. 

The tetrammino complexes of Cu, Zn and Cd hydroxyfluoberyllates as well as the hexammino 
complex of nickel hydroxyfluoberyllate have been prepared. These compounds are stable only in an 
atmosphere of ammonia. Moist air decomposes them very quickly. 


In extension of the investigation on the chemistry of the hydroxyfluoberyllates of 
different metals (Mitra, this Journal 1955, 32, 241, 246 ; 1956, 38, 45) the hydroxyfluo- 
beryllates of monovalent thallium, silver and hydrazine were prepared and their chemical 
properties studied. 

The hydroxyfluoberyllates of the ammino complexes of metals like copper, zinc, 
cadmium and nickel, have been also prepared. In chemical composition these are 
analogous to the corresponding sulphates. The hydroxyfluoberyllates are, however, 


more soluble than the corresponding compounds of sulphate ion. 


EXPERIMENTAL 


A weighed amount of the substance was fused with sodium carbonate. The mass 
was subsequently extracted with hot water and filtered. ‘The amount of fluoride ion 
present in the filtrate was determined as calcium fluoride. For the quantitative esti- 
mation of the other metals the standard methods were followed after removal of the 
fluoride ions by heating a weighed amount of the substance with H,SO,. 


Thallium Hydroxyfluoberyllate.—No trivalent metal hydroxyfluoberyllate has uptil 
now been prepared. In general it has been found that the trivalent metal salts of 
any complex fluoride anion are very difficult to prepare. The reason is obvious ; 
the trivalent metals themselves have a strong tendency for the formation cf very stable 
complex fluoride anions. All attempts to isolate the hydroxyfluoberyllates of trivatent 
thallium ended in failure. The monovalent thallium hydroxyfluoberyllate, however, 
was prepared during the course of the present investigation. As empected, it behaved 
like silver hydroxyfluoberyllate. 


A weighed quantity of thallous sulphate was treated with the requisite quantity of 
barium hydroxide solution. The precipitated barium sulphate was filtered off and 
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the solution was concentrated on a water-bath. A little excess than the theoretical 
amount of freshly precipitated beryllium hydroxide was then added to it and the 
mixture was digested and from time to time dilute hydrofluoric acid (20%) was care- 
fully added. The addition of hydrofluoric acid was stopped when the solution remain- 
ed just turbid due to the presence of traces of undissolved beryllium hydroxide. The 
solution after filtration was allowed to crystallise in a vacuum desiccator. Colorless 
crystals appeared after a few days. These were filtered, washed with 60% alcohol, 
dried and analysed. (Found: Tl, 82.68; F, 11.59. Tl,BeF,;OH requires Tl, 83.14 ; 
F, 11.59%) 

Silver Hydroxyfluoberyllate.—This compound can be prepared only after some 
difficulty. Freshly precipitated silver hydroxide was dissolved in the requisite amount of 
hydrofluoric acid to afford silver fluoride. Silver hydroxide dissolves in silver fluoride 
and for that reason the requisite quantity of hydrofluoric acid of known strength 
should be used. To this solution of silver fluoride equal quantities of beryllium 
fluoride and beryllium hydroxide (each 1/4 of the silver salt taken) were added ata 
low temperature. The resulting solution was digested for about ro minutes and then 
it was cooled down to 0°. Excess of alcohol was added tothe solution. Too much 
of alcohol resulted in an immediate precipitation. But as this precipitate was liable to 
contain other compounds also, addition of alcohol was stopped when the precipitate 
just began to appear. The solution was kept in a refrigerator. After a few daysa 
colorless solid appeared at the bottom of the solution. ‘This was filtered under suction, 
washed quickly with 90% alcohol and analysed after drying. (Found: Ag, 71.93; 
Be, 3.10; F, 19.09. Ag,BeF,OH requires Ag, 72.2; Be, 3.02; F, 10.07%). This 
compound was crystalline under miscroscope and highly soluble in water. x 

Hydrazine hydroxyfluoberyllate was prepared by the double decomposition of a 
solution of thallium hydroxyfluoberyllate with the requisite quantity of hydrazine 
hydrochloride. After trituration in a mortar the mixture was filtered from the precipitat- 
ed thallium chloride. The filtrate was concentrated in vacuo over H,SO,. Aftera 
few days white crystals of hydrazine hydroxyfluoberyllate appeared. It is highly 
soluble in water and also fairly soluble in 60% alcohol. (Found: Be, 7.70; F, 49.30. 
N.H,BF;OH requires Be, 7.60 ; F, 49.52%). 

Tetrammino.cupric Hydroxyfluoberyllate Monohydrate.—To a concentrated solu- 
tion of copper hydroxyfluoberyllate liquor ammonia was added dropwise with constant 
stirring. The solution was kept below 13°. Gaseous ammonia was then bubbled 
through this cooled solution for about half an hour. A slight turbidity appeared due 
to partial precipitation of hkeryllium hydroxide. This was filtered quickly and the 
deep blue filtrate was kept in a quick lime desiccator in an atmosphere of ammonia. 
Dark blue crystals which appeared after a few days were filtered, washed 
with ammonia, pressed in the folds of a filter paper and finally dried in an ammonia 
desiccator over lime. (Found: Be, 3.59; Cu, 27.39; F, 24.08 ; NHs, 28.93. [Cu 4NHs]- 
BeF,OH, H,O requires Be, 3.88; Cu, 27.32; F, 24.50; NHs, 20.27%). 


Tetrammino-zinc Hydroxyfluoberyllate.—Freshly precipitated zinc hydroxide was 
heated with the equimolecular quantity of ammonium hydroxyfluoberyllate and excess of 
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ammonia. The mixture was kept in a desiccator over quick lime. In two or three 
days nearly the whole of the solid present dissolved and after a few days, when the 
solution became sufficiently concentrated, it was filtered. The filtrate was cooled in 
ice and salt and a slow current of gaseous ammonia was passed through it. After a 
while finely divided white needle-shaped crystals were obtained. ‘These were filtered, 
washed with alcohol and then with ether, both saturated with gaseous ammonia, and 
dried over quick lime in a desiccator in an atmosphere of ammonia. (Found: Be, 3.81 ; 
Zn, 29.78; F, 26.01; NHs, 31.02. [Zn.4NH,]BeF,;OH requires Be, 4.17; Zn, 
30.19; F, 26.32; NHs, 31-47%). 

Tetrammino-cadmium hydroxyfluoberyllate was prepared by the euatints as des- 
cribed above. (Found: Cd, 42.03; F, 21.18; NHs;, 25.72. [Cd.4NH;] BeF,OH 
requires Cd, 42.63 ; F, 21.62; NHs;, 25.86%). 

Hexammino-nickel hydroxyfluoberyllate was prepared by a similar method des- 
cribed under tetrammino-cupric hydroxyfluoberyllate monohydrate. (Found: Ni, 
23.78; F, 23.08; NHs, 41-72. [Ni(NH;),] BeF,;OH requires Ni, 24.06; F, 23.37; 
NH; 41.90%). 

- Hexammino-nickel Hydroxyfluoberyllate Potassium Iodide.—When to a concen- 
trated solution of [Ni.6NH;] BeF;OH a saturated solution of potassium iodide in aqueous 
ammonia was added, a sparingly soluble, violet, microcrystalline powder separated. It 
was dried by the method described above. (Found: F, 9.62 ; I, 43.78; Ni, 9.92; 


‘NH;, 17.83. [Ni6.NH,] BeF,;OH. 2KI requires F, 9.90; I, 44.07; Ni, 10.19; NHs, 


17-74%). 
The ammino complexes of the hydroxyfluoberyllate group are stable in an atmosphere 


of ammonia. Evidences for the existence of other ammino compounds of different 
hydroxyfluoberyllates have also been obtained. 
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ANALYTICAL STUDIES OF PHOTOCHEMICALLY DEGRADED 
JUTE. PART II 


By W. G. MAcMILLAN AND H. P. BHATTACHERJEE 


The photochemical changes of jute fibre do not appear to be influenced by the uronic acid consti- 
tuent. The acidic and reducing types of substances, which are generated in the fibre during irradia- 
tion, are derived meinly from the lignin component. The acidic reaction products or the constituent 
uronic acid have no hydrolytic influence on the fibre, indicating that in the photochemical degradation 
of jute, acidic components do not contribute to the accelerated degradation. 


In a previous communication (Macmillan and Bhattacherjee, this Journal, 1955, 32, 
731), results of analytical studies of the carbohydrate fractions, isolated from jute fibre 
exposed to light for increasing lengths of time, have been reported. Because of the 
severity of treatments involved in the isolation processes, which are likely to further 
modify the degraded components, the results of the observation provide only a rough 
indication of the extent of degradation suffered by the components and do not supply 
sufficient information regarding the photochemical changes of the fibre, which may help 
to elucidate the mechanism of the enhanced degradation of jute effected by exposure to 
light. 

The reactions involved in the photochemical degradation of pure cellulose itself is 
highly complicated, and not yet precisely understood. Iu jute it is likely to be still 
more complicated due to the presence of a considerable portion of non-cellulosic 
components comprising mainly hemicellulose and lignin, which may accelerate the 
degradation of the fibre through the influence of the constituent groupings such 
as carboxyl, acetyl and others, or through various types of reaction products 
formed during irradiation. Of the constituent groupings, the uronic carboxyl 
groups of the hemicelluloses appear to be the probable sources of hydro- 
lytic degradation. The major portion of this acid group, however, exists in 
combination (Sarkar, Chatterjee and Mazumdar, J. Text. Insi., 1947, 38, T318), partly 
in the form of an ester linkage with lignin and partiy in the form of 
salts with cations: the rest representing about one-eighth of the total and 
amounting to about 3 m.e./1oog. of jute, exists as free acid. It is not 
yet kuown whether this amount of the free uronic acid has any additional 
degradative effect on the fibre under the conditions of photochemical reaction. The 
knowledge of the various types of reaction products generated during irradiation of jute 
and their influence on fibre properties is also limited. Although acidic bodies have 
been known to be formed, the components from which they are derived have not been 
precisely explained. Lwudtke (Biochem. Z., 1936, 284, 90) remarked that increase in 
acidity and disintegration of jute fibre originated from the constituents other than the 
cellulose. Callow and Speakman (J. Soc. Dyers & Col., 1949, 65, 758) expressed the 
view that the acidity in jute exposed to light arose from degradation of the polyuronide 
hemicelluloses and lignin. No mention has been made as to whether the constituent 
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acetyl groups are involved in the generation of acids, although the authors 
have shown that free acetic acid is liberated from the acetyl groups of acetylated 
jute on irradiation. It is, however, not known whether the acidic products, which are 
generated during irradiation of jute, have any additional degradative effect on the fibre. 
Barker (J. Text. Inst., 1939, 30, P289) when discussing the degradation of jute fibre 
under certain storage conditions considered it unlikely that the amount of natural acidity 
generated in jute fibre during storage would serve of its own to cause hydrolysis of the 
cellulose. The increase in acidity should be regarded more a symptom rather than a 
cause of degradation of the fibre. It was also pointed out that although the acids result- 
ing from oxidation of the lignin ‘‘might not be formed in sufficient quantity to have any 
measurable effect on the cellulose, yet oxidation and/or hydrolysis of cellulose might be 
introduced simply because this component is in intimate contact with the oxygen 
acceptor’’. Besides acidic bodies, a volatile peroxide, presumably hydrogen peroxide, 
has recently been shown to be produced from the lignin fraction of the fibre during 
irradiation (Macmillan and Bhattacherjee, J. Text. Inst., 1954, 45, T700). ‘The mode of 
formation of this peroxide is similar to that observed with a number of photo-sensitive 
dyes or inorganic oxides which produce hydrogen peroxide under the influence 
of light through a seunsitising mechanism (Egerton, ibid., 1948, 39, 305). The 
accelerating influence of this peroxide is well known in the photochemical degradation 
of pure cellulosic fibres and it has been demonstrated that a similar accelerated degrada- 
tion also takes place with the lignin in jute. With the latter, however, the matter is 
complicated by the presence of different acidic components in the system, and therefore 
it is difficult to say whether the enhanced degradation of jute is due to the peroxide 
alone or to a combined effect of the peroxide and the acids present in the fibre. 


In order to throw more light on the causes of enhanced degradation of jute, it is 


desirable that further knowledge regarding the influence of the various factors involved, 


especially of the acidic components, should be made available. With this end in view, 
experiments were designed to obtain additional information on the nature of the photo- 
chemical changes of the fibre containing different amounts of free uronic acid liberated. 
The results of the observations are recorded in this part of the series. The nature of the 
chemical changes of the isolated fibre components on irradiation, and the influence of the 
free uronic acid and acidic degradation products on the tensile strength of the fibre under 
the conditions of photochemical reactions have also been investigated and the results 


described. 
ExPERIMENTAL 


Jute yarn of 8-lb. grist, representing normal mill production, and a good quality 


tossa jute were used in the investigations. After the preliminary procedure of deoiling 


and water-washing, appropriate portions of materials were subjected to further treatments 
to liberate the uronic acid groups, and also to isolate the different components of the 
fibre, the yarn and the fibre samples being used respectively for these purposes. A 
treatment with N/10-HCl for 1 hour at room temperature with a liquor ratio 50:1 
was employed to remove the cations, and with 2% NaOH solution at room temperature 
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for 4 hours using a 50:1 liquor ratio, followed by a similar acid treatment to liberate the 
total amount of uronic acid present in the fibre. The samples thus prepared will be 
referred to as “‘cation-free’’ and “‘hydrolysed”’ jute respectively, and the untreated one 
as ‘‘deoiled’’ jute. ‘The different fractions isolated from the fibre consisted of holo- 
cellulose, the Norman and Jenkins cellulose and lignin, the fractions being isolated by 
employing sodium chlorite (Chattopadhyay and Sarkar, Proc. Nat. Inst. Sci. India, 
1946, 12, 23), sodium hypochlorite (Dorée, ‘“The Methods of Cellulose Chemistry”, 
1047, Pp. 358) and 72% sulphuric acid (Sen Gupta and Callow, J. Text. Inst., 1949, 40, 
‘l'650) respectively. 

Exposure to Light.---A carbon arc fadeometer of FDA-R (Atlas Electric Devices Co.) 
type with wet wicks was used for light exposure. The yarn was wound round a black 
cardboard (7” x 4”) with portions placed on the board parallel to one another without 
overlapping. ‘The board was then mounted on a specimen holder and exposed to light on 
one side only. Several mounted boards prepared from the three sets of yarn samples 
were thus exposed under identical conditions and, after a regular interval of 20 hours, 
two from each set were withdrawn for test purposes, the rest being allowed further ex- 
posure, the period of exposure being extended to a maximum of 60 hours. 

In the case of the isolated fractions, since the Norman and. Jenkins cellulose and 
lignin were obtained in powder form, the other samples, namely, holocellulose and the 
deoiled fibre, which was also included in the group for a comparative study, were reduced 
to powder in a Christy-Norris high speed mill with a view to making the conditions of 
exposure in the different samples similar as far as practicable. To expose the samples, 
the powdered material (1 g.) was spread uniformly over an area of 7 x9 cm? on a clean 
glass plate {1.5 mm thick), covered and clamped with a similar glass plate, the assembly 
being mounted on a specimen holder and exposed for 30 hours on each side. The 
different samples were thus exposed simultaneously for a total period of 60 hours. : 

Analysis and Testing.—'The exposed portions of the yarns were collected, cut into 
small lengths, thoroughly mixed and subjected to chemical analyses according to the 
procedures already described (loc. cit., 1955). ‘The powdered samples were also well 
mixed after collection from the glass plates prior to analysis. 

The tensile strength of the yarn samples, conditioned at 65% R. H. and 72°F, was 
determined in a Goodbrand single thread tester, with 6-inch grip length, a mean of 100 
tests being recorded for each sample. 


DISCUSSION 


The results summarised in Table I show that rise in water-solubility, noted with 
progressive exposure, is not affected by the increase in the free uronic acid groups in the 
fibre. Loss in weight appears to be slightly higher in the hydrolysed sample, probably 
due to dissolution of a higher amount of hemicelluloses, and this trend is maintained even 
after exposure for increasing lengths of time. But the increase in solubility recorded 
after exposure to light in all the corresponding samples, especially after 60 hours of 
exposure, is of the same order, the figures being 4.6%, 4.9% and 4.7% in the deoiled, 
cation-free and hydrolysed samples respectively. 
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Effect of light on water solubility and pa of aqueous extract of jute. 
Deoiled. Cation-free. Hydrolysed. 


d Water pa of Water pu of Water pa of 
for. solubility. * extract. solubility. * extract. solubility. * ex‘ract. 
Nil 1.7% 6.0 1.8% 6.0 2.6% 5.6 
20 hrs. 3.2 4-4 3-7 3-7 5.4 
40 5.0 4.1 5.6 3-5 6.8 3-5 
60 6.3 4.0 6.7 3-5 7:3 3-5 


* Expressed in terms of loss in weight suffered on extraction with water under reflux for 
30 minutes with a liquor ratio of 50:1. 


The pa of the aqueous extracts of the exposed samples is lowered gradually with 
increase in the period of exposure, but the level is much lower in the cation-free or 
hydrolysed sample than in the corresponding deoiled sample. That this variation is 
due to the influence of cations present in the deoiled fibre and not to the increased 
amounts of acidic products, generated in the other samples, is shown from the results 
summarised in Table II. 


Tasie II 
Effect of light on the acid value t of deoiled, cation-free and hydrolysed jute. 


Deoiled. Cation-free. Hydrolysed. 
Exposed Exposed. Exposed Exposed. Exposed Exposed. Exposed 
for. and ex- and ex- and ex- 
tracted. * tracted- * tracted- * 


Nil 2.5 2.9 12.3 10.9 24.3 19.3 


20 hrs. 6.8 $3 16.8 11.5 25-5 15.8 
40 10.3 8.8 20.3 12.5 26.2 15.4 
60 12.3 9.6 22.3 12.9 26.6 15.3 


+ The figures represent acid values in milliequivalents per 100 g. of the oven-dried material. 
* Figures expressed on the corresponding exposed samples. 


The analytical figures show (Table JI) that before water-extraction, the rise in 
acid value in the deoiled and cation-free samples exposed for identical periods of time 
is practically the same in both cases, the figures after €o hours being 9.8 (12.3-2.5) 
and 10.0 (22.3-12.3) respectively. The corresponding figure of the hydrolysed sample 
is much less, being only 2.3 (26.6-24.3), probably due to partial removal of the acid- 
forming components during the alkaline pretreatment, a reference to which will be 
made later. 

From the results it is evident that, for the same period of exposure, the amount 
of acid generated in the cation-free or the hydrolysed sample is not higher than that- 
produced in the deoiled fibre. 


The figures of acid values of the extracted samples show that acidity in the deoiled 
and cation-free jute increases with progressive exposure, the rise in the former being 
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markedly higher than in the latter. In the hydrolysed sample, on the other hand, 
a decrease in acid value is recorded. A comparison of the acid values of the exposed 
cation-free samples with the corresponding values noted after water-extraction indicates 
that the major portion’ of the generated acidic products is soluble in water and is 
removed by the treatment, a simall fraction being left on the fibre which accounts for 
the slight increase in acidity of the extracted samples. While extraction of water- 
soluble producis is simple in the cation-free fibre, it is rendered complicated in the 
deoiled fibre by the constituent cations which are provided with conditions favourable 
for side reaction. During the process of extraction, an equilibrium is likely to be 
set up in the system due to ion-exchange reactions between the hydrogen ions, derived 
from the extracted acids, and the cations present in the fibre, resulting in an apparent 
decrease in acidity of the extract with a corresponding liberation of the uronic acid 
groups in the fibre. This is probably the reason why the px values of the extracts 
of the exposed deoiled fibre are higher than the corresponding values noted in the 
cation-free fibre (Table 1), and the rise in acidity of the extracted deoiled samples is 
higher than the corresponding values obtained in the cation-free jute (Table II). In 
the hydrolysed sample, the decrease in acidity of the extracted samples with progressive 
exposure probably arises from the dissolution of a portion of the constituent uronic 
acid along with the photo-degradation products in water. The possibility of dissolu- 
tion of portions of the polyuronides in the deoiled and cation-free fibres also cannot 
be altogether excluded. The acid values of the extracted samples (Table II) therefore 
represent the resultant effects produced by the acidic degradation products and por- 
tions of the free uronic acid, which resist water extraction. A detailed study of the 
different components of jute, which are rendered water-soluble by photochemical 
réaction under the above conditions, is in progress and the results will be communicated 
later. 

Changes in copper number of the samples are summarised in Table III. Gradual 
rise in copper number with progressive exposure is noted in all the samples, the rate 
of change being slightly higher in the cation-free jute. After extraction with water, 
the corresponding values are s!ightly reduced and the extent of this reduction is of the 
same order in the different sets of samples exposed for the same length of time. 


TABLE III 


Effect of light on the copper number of deoiled, cation-free and hydrolysed jute. 


Deoiled. Cation-free. Hydrolysed. 


Exposed Exposed. Exposed Exposed. Exposed Exposed. Exposed 
for. and ex- and ex- and éx- 
. tracted. * tracted. * ; tracted. * 


2.1 2.1 2.1 2.2 . 1.6 
5.0 3.2 5.7 3-7 3.1 
5.8 38 7.9 5.0 i 3.6 
6.8 4.0 8.7 6.2 . 4.6 


* The values expressed on correspouding exposed samples. 


Nil 
20 hrs. 
40 
60 
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In order to ascertain whether the acidic or reducing types of degradation 
products are derived from lignin or the carbohydrate components, investigations have 
been carried out by exposing the isolated components, the analytical figures having 
been compared with those of the deoiled fibre exposed under identical conditions. As it 
was decided to expose the samples under the cover of glass plates, it was considered 
necessary to have some indication of the screening effect of the glass plate on the rate 
of the photochemical reaction by preliminary observations. For this purpose, solu- 
bility in 1% NaOH solution under reflux, which provided a better indication than 
water-solubility of the extent of degradation (loc. cit.), was determined on the deoiled 
yarn sample exposed in the usual manner and also under the cover of similar glass 
plates for 15 and 30 hours. When exposed as usual, the alkali-solubility was raised 
from 14.2 to 19.9 after 15 hours and to 23.6 after 30 hours, the corresponding vaiues 
under the cover of glass being 19.3 and 22.6 respectively. ‘The figures indicate that 
the glass plate has no appreciable effect on the reaction rate. The extent of yellowing, 
examined visually, also appeared to be of the same order in the samples exposed with 
or without the glass cover for the same length of time. 

The analytical figures of the isolated components, summarised in Table IV, show 
that the rise in acid value and copper number of the Norman and Jenkins cellulose, 
holocellulose and jute, noted after 60 hours of exposure, increases with the lignin 
content of the materials, but in the isolated lignin the changes are less marked than. 
in jute. The discrepancy is probably due to variation in the conditions of exposure 
of the lignin in the two cases. Although the extent of yellowing, resulting from light 
exposure, was more marked in the isolated lignin than in jute, it was observed 
that after a thorough mixing, preparatory to analysis, the lignin sample appeared 
to be far less affected in colour than the jute, indicating that reaction in the former 
was more confined to a thin su; erficial layer. Slight yellowing was also exhibited by 
the holocellulose, but the colour of the Norman and Jenkins cellulose remained 
practically unchanged. 


1V 


Effect of light on acid value and copper number of jute and isolated 
fibre components. 


Time of exposure = 60 hours. 


Samples. Lignin Acid value*. Copper number. 
content. Original. Exposed. Increase. Original. Exposed. Increase. 
N.J. cellulose 0.15% 5.6 7.1 1.5 1.52 2.53 1.01 
Holocellulose 1.80 8.9 14.0 5.1 0.37 2.78 2.41 
Jute 13.60 2.4 18.4 16.0 1.46 10.10 8.64 
Lignin ne 19.0 31.0 12.0 20.90 25.30 4.40 


* m.e/r1oo g. of the cven-dry material. 


The results of the observation suggest that lignin plays the major role in 
contributing to the rise in acid value and copper number of jute noted after light 


exposure. 
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In this connection it should be pointed out that the rise in acid value of jute on 
exposure is considerably decreased if the material is previously treated with an alkali 
(hydrolysed jute, Table II), although the treatment removes ouly a small portion of 
the lignin, amounting to 10% of the total present in the fibre. Acetyl groups were 
removed entirely by the treatment, and therefore, the possibility of the acetyl groups, 
when present in the fibre, contributing to the rise in acidity through formation of 
free acetic acid was examined. For this purpose, the acidity of the aqueous extract 
obtained from the cation-free jute exposed for 6< hours was determined on aliquot 
portions before and after distilling in steam for 1 hour, and it was noted that the 
acidity remained uualtered by the treatment, indicating the absence of any free acetic 
acid in the extract. The results lead to the conclusion that the acidity generated in 
jute on exposure does not arise from the acetyl groups but from the lignin, mainly 
from the portion which is soluble in alkali. 


To investigate the influenve of the free uronic acid groups on the tensile strength 
of jute under the conditions of photochemical degradation, tensile strength determi- 
nations were carried out on the deoiled, cation-free and hydrolysed yarn samples exposed 
for 60 hours in the fadeometer, the results being summarised in Table V. It will be 
noted that the loss in tensile strength tends to increase with increase in acidity of the 
fibre, but the rise is not proportional to the rise in acidity. The loss in tensile strength 
records a slight increase when the initial acidity of the fibre rises from 2.5 to 12.3, 
and is not further affected when the acidity rises to 24.3. It appears unlikely therefore 
that this rise in the loss in tensile strength is duc to the increase in free acidity 
of the fibre; it may be due to other factors yet unknown. 


TABLE V 


Effect of light on the tensile strength of deoiled, cation-free 
and hydrolysed jute yarn. 


Period of exposure = 60 hours. 


Samples. Acid Tensile strength (Ibs.) Loss in 
value*, before after tensile strength. 
exposure. exposure. 
Deoiled 2.5 8.52 +0,167 3.69 +0.125 57% 
Cation-free 12.3 8.35 +0.173 2.85 +0.079 66 
Hydrolysed 24.3 8.43 0.177 3.06 +0.072 64 


* Figures taken from Table IT. 


To demonstrate whether the acidic reaction products generated during irradiation 
have any additional influence on the tensile strength of jute, cation-free yarn samples 
were treated with an aqueous extract of photo-degradation products and tested for 
any loss in tensile strength. The extract was prepared from cation-free yarns, 
exposed in the fadeometer for 60 hours, by refluxing for 30 minutes with distilled 
water with a liquor ratio of 10:1. After concentrating on a water-bath to one-fourth 
its volume, the extract was applied to the cation-free sample to be examined ina 
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proportion of 3 c.c. per g. of the material so that the entire amount of the extract was 
absorid by the yarn during the treatment. ‘The treated sample was dried in air 
and then divided into two halves, one being retained to serve as a control, the other 
being heated in an air-oven along with one untreated (cation-free), for 60 hours at 
70° with a view to simulating conditions of time and temperature under which samples 
were exposed in the fadeometer. The amount of the acidic degradation products 
deposited is indicated by the rise in acid value noted in the control sample. 


Taste VI 


Effect of acidic degradation products on the tensile strength of jute yarn. 


Sample. Acid Tensile strength 
value. before heating. after heating. 
Cation-free jute varn 12.3 8.35 +0.173 Ibs. 8.29 +0.131 Ibs. 
2. No. 1 treated with acidic 
degradation products 19.7 8.500.159 8.38+0.113 


The figures shown in Table VI show that 7.4 (19.7-12.3) m.e. pcr 100 g. 
of acidic degradation preducts were deposited on the fibre as a result of treatment with 
the extract. The figure represents three fourths of the amount of the acids produced 
on the fibre (cation free) in situ (22.3-12.3=10, Table 11) when exposed fer 60 
hours in the fadeometer. On heating, the tensile strength of the untreated sample as 
well as of the treated remains unaffected, indicating that under the conditions of the 
experiment, the tensile strength of jute is not affected by the heat treatment and that 
the acidic photo-degradation products have no influence on the tensile strength of 
jute. The results suggest that, in photochemical degradation of jute, the acidity 
generated during irradiation has no hydrolytic influence on the fibre and therefore 
it appears that the main factor contributing to the enhancement of degradation of the 
fibre is the volatile peroxide which is generated from the lignin component during 
irradiation, as reported earlier. 
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ESTIMATION OF ACETALDEHYDE BY HYPOIODITE OXIDATION 
By SAMEER BOSE 


A procedure is described for estimating acetaldehyde by oxidising it to acetic acid with a solution of 
sodium hvpoiodite containing a good deal of free iodine. The analytical precision is 0.8% or better. 
The method is also applicable in presence of acetone or ethyl alcohol. It can be used with a slight modi- 
fication for micro-estimation, svitable for evaluating quantities as low as 0.13 mg..of the aldehyde. 


Romijn (Z. anal. Chem., 1897, 36, 18) described a method of estimating formaldehyde 
by oxidation with sodium hypoiodite. The method when applied to acetaldehyde failed, 
although several attempts were made by various workers. Hatcher and Mueller (Trans. 
Roy. Soc. Canada, 1929, 3-23, 35-44) reported that under most favourable conditions only 
60% results were obtained. Mitchell et. al. (“Organic Analysis,’’ 1953, Vol. 1, p. 267) 
summarised the efforts in this direction and concluded that the reaction between acetalde- 
hyde and alkaline iodine solution was not stoichiometric, although it was reproducibl-. 
The present work was undertaken to investigate the factors affecting the reaction and to 
determine its applicability in the quantitative estimation of acetaldehyde. On investiga- 
tion it was found that when solutions of acetaldehyde and sodium hypoiodite containing 
excess of alkali were mixed, two simultaneous reactions occurred. One is the oxidation 
of the aldehyde molecule to acetic acid, and another is the substitution of iodine in the 
molecule leading to the formation of iodoform. The 60% results, reported previously, 
were based on the assumption that only the latter reaction had occurred. 


In the present investigation, an attempt has been made to suppress the iodoform 
reaction and to oxidise the aidehyde quantitatively to acetic acid. This has been 
achieved by using insufficient quantity of alkali. Although it was not possible to 
completely stop the iodine substitution, but it was limited to 0.2-0.3% of the aldehyde, 
as found from the actual estimation of the iodoform produced ; 99-7—99.8% of the 
aldehyde was oxidised quantitatively. 


ExPERIMENTAL 


An iodine solution of 0.1 N was prepared by dissolving 12.7 g. of iodine in 40 c.c 
of water containing 16g. of KI and making up the volume to 1 litre. For micro- 
estimation, a.9.01N svulution was prepared by diluting the o.1 N solution. 

Hypo solutions of o.1 N and 0.01 N were prepared and standardised against 
dichromate. Six solutions of acetaldehyde were prepared by dilutiug a pure sample of 
the aldehyde with conductivity water. The solutions were standadised by Schultes’ 
method (Z. angew. Chem., 1934, 47, 258) using hydroxylamine sulphate and bromo- 
phenol blue as indiCator. 

Sodium hydroxide and sulphuric acid taken were of A. R. quality. Two solutions 
were prepared from each, one of 1.0 N ard another of 0.10 N, exactly. 
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Procedure.—The solution (10 c.c.) containing not more than 17 mg. of acetaldehyde 
was pipetted into c.c. conical flask and treated with 20-50 c.c. of 0.1N iodine 
solution. The amouut of iodine added was about 8 times the quantity theoretically 
required (2.2 mg. requires 1c.c.I,). The mixture was made alkaline by adding drop- 
wise 1 to 2.8 c.c. of 1.0N-NaOH from a burette at the rate of 1 drop persecond. During 
the addition of the alkali drops the contents of the flask were vigorously shaken ty 
giving it a circular motion. Insufficient quantity of alkali was used so as to react with 
only about half of the iodine, the other half remaining free. Later the flask was well 
corked and kept standing for 10-15 minutes at about 25° and then its contents were acidi- 
fied with 1.0N-H,SO, using only 0.2 c.c. of the acid in excess. The iodine liberated 
was titrated with o.1N hypo solution using starch as indicator. At the end, the 
solution became clear and no precipitate of iodoform was visible, only a very faint 
smell of it existed. A blank was run similar in all respects except for the addition of 
the aldehyde solution and, thus, the amount of iodine consumed by the acetaldehyde 
solution was found out. Each molecule of the aldehyde consumes 2 atoms of iodine as it 
oxidises to acetic acid. 

CH,CHO + + 3 NaOH CH;COONa + 2NaI + 2 (1e.c. of 
0.1 N-I, = 2.2 mg. of CH;CHO). 


The results obtained by the present method and those by Schultes’ are compared in 
Table I. For the latter procedure the amount of aldehyde solution taken for estimation 
varied from 25 c.c. to 50 c.c. 


I 
CH;CHO found by 
Soin. o.1N-T, 1N-NaOH 0.1N-T, Present Schultes’ 
No, added, added. consumed. method. method. % Diff. 
I 50 C.c, 2.8 c.c. 7-50 C.c, 16.50 mg. 16.39 mg. +0.67 
2 50 2.6 6.20 13.64 13.53 +0.81 
3 40 2.4 5.10 11.22 II.17 +0.45 
4 40 2.2 4.05 8.91 8.86 +0.56 
5 30 1.7 3.50 7-70 7.64 +0.78 
6 25 1.4 3.05 6.71 6.66 +0.74 


Estimation in presence of Acetone or Ethyl Alcohol.—The method is applicable in 
presence of acetone or ethyl alcoho! provided that the hypoiodite solution is not allowed to 
_ react with these substances fora longtime. The oxidation of acetaldehyde takes only 

about one minute at 25° when 0.1N-I, solution is used and the hypoiodite formed is about 
four times the amount theoretically required. Therefore in presence of acetone or ethyl 
alcohol the same procedure, as already described, was followed, the only difference 
being that after adding alkali the reacation mixture was kept standing at 25-27° for 
2 minutes only and then acidified with 1N-H,SO,. If longer time was allowed, slightly 
higher results were obtained as the hypoiodite solution slowly attacked acetone or ethyl 
alcohol. Good results were obtained when the concentration of acetone on molality basis 
did not exceed that of the aldehyde, In case of ethyl alcohol the same was true when 
the concentration of the alcohol was not more than three times that of the aldehyde. 
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The results of estimation of mixtures of acetaldehyde and acetone (Expts. 1-4) as well as 
those of acetyldehyde and ethyl alcohol (Expts. 5-10) are recorded in Table II. 


TABLE II 
Temp. = 25-27°. 


(10 c.c. CH;CHO mixture + 40 c.c. of 0.1N-I, + 2.4 ¢.c. of 1N-NaOH, kept 2 minutes 
and then acidified). 


Expt. Mo!. proportion of 0.1N-T, Acetaldehy Je % Error. 
No. CH3.CHO : consumed. . Found. Present. 
acetone. 

I 4:1 6.00 c.c. 13.20 mg. 13.15 mg. 0.4 

2 6.05 13.31 13.15 2.8 

3 S32 6.1 13.42 13.15 2.0 

4 2:3 6.3 13.86 13.15 5.4 

CH;CHO: EtOH. 

5 use 6.00 13.20 13.15 0.4 

6 2:3 6.05 13-31 13-15 1.2 

7 ste 6.05 13-31 13.15 1.2 

8 ats 6.10 13-42 | 13.15 2.0 

9 I: 3 6.15 13.53 13-15 2.9 
10 a: 7 6.20 13.64 13.15 3.8 


Micro-estimation.—Ina small conical flask 0.01N-I, solution (5-40 c.c.) was taken 
by a pipette and treated with 1-10 c.c. of the acetaldehyde solution containing not more : 
than 1.4 mg. of the aldchyde. The amount of iodine used was about 6 times the 
quantity actually required (0.22 mg. requires 1 .c.of I,). The mixture was made 
alkaline by adding 0.1N-NaOH solution dropwise from a burette with vigorous swirling. 
The amount of alkali used was enough to react with about 80-90% of the iodine taken. 
A small portion of the iodine was invariably left unchanged. ‘The flask was well corked 
and allowed to stand for 20 to 30 minutes at about 25° and then acidified with o.1N- 
H,SO,, using 0.5 c.c. in excess. The iodine liberated was titrated with o.or N hypo 
after adding through a pipette 2c.c. of starch solution. In very dilute solutions the 
appearance as well as the disappearance of the blue colour caused by starch and iodine 
took a little time and therefore towards the end-point hypo solution was added slowly 
and after every drop the flask was shaken for about half a minute. In order to ensure 
the correct end-point, the solution was back-titrated by adding from a fast burette one 
drop (0.05 c.c.) of o.orN iodine and the faint blue colour obtained on keeping for 
5 minutes was compared with the one obtained tinder similar conditions in the blank, 
which was preserved. The blank was carried out in a very similar manner except for 
the addition of acetaldehyde. Thus, the amount of iodine consumed by a definite 
volume of the aldehyde solution was found. (1 ¢.¢ of 0.01N-I,=0,.22 mg. of CH,;CHO). 


The results of estimation of ao.003M solution of acetaldehyde are recorded in 
Table III. For Expts. 1 and 2 a 10 c.c, micro-burette was used. 


| 
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Taste III 
Expt. CH;CHO 0.1IN-NaOH  0.01N-I CH;CHO 
No. soln. added. added. consumed. Found. 
taken 
(0.003 M) 
I Ic.c. § Cx. 0.4 0.6 c.c. 0.132 mg. 
2 2 10 0.8 1.2 0.264 
3 4 20 1.6 2.4 0.528 
4 5 20 1.8 2.95 0.649 
5 10 40 3.6 6.0 1.32 


Present. 


0.131 mg. 
0.262 
0.524 
0.655 
1.310 


% Error. 


0.8 
0.8 
0.8 
0.9 
9.8 


In conclusion it may be stated that the method described furnishes good and con- 
sistent results, if the alkali concentration is suitably adjusted. The titrations have the 
advantage of possessing a sharp end-point. The percentage of error is small, if a blank 


is carried out under identical conditions. 


The author’s thanks are due to the authorities of the college for the facilities. 
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AN ANALYSIS OF THE NEUTRALISATION CURVES OF THE 
COLLOIDAL ACIDS. PART V 


By S. L. Gupra 


The nature of the deviations in many of the experimental curves from the theoretical curves 
presented earlier (Parts I-IV) has been pointed out and probable reasons discussed. The deviations 
may be caused by the non-accessibilitv of the micellar positions at a low px to the cations of the 
titrating base as well as by changes in the state of aggregation during titration. 


In our previous communications (Parts I-IV, this Journal, 1956, 33, 587 ; 1957, 
34, 63, 691, 696) we proposed a model for the acid colloidal particles and several 
equations based on the model, to represent their neutralisation curves, with experi- 
mental verifications. The literature on this subject, however, contains curves of 
widely varying shapes, and any attempt to fit the formulae with any such curve is 
very likely to meet with frustration. The curves published in Parts I-IV (loc. cit.) 
were chosen curves from the literature and were discovered after repeated failures 
toreach agreement between calculated and experimental values in different similar 
curves. This is due to the fact that only a selected number of titrations have been 
conducted in such a way that the existing conditions are favourable for the 
assumptions to hold good and the equations to apply. 

The present communication aims at presenting qualitatively the reasons for 
the observed deviations in many of the experimental curves from the theoretical 
curves, presented earlier. The deviations may be caused by two entirely different 
processes (Cases D and E), which are described below, mostly with reference to clay 
systems containing weakly acidic groups like -SiOH and -AIOH groups, which have 
been widely studied. 

Case D.—A broad survey of the literature for the titration curves of the clay 
minerals reveals that two types of curves have generally been obtained in different 
laboratories, neglecting minor variations. Both the types are known for the same 
type of material, viz., titration of a bentonite (legend Rock River) by Bradfield 
(J. Phys. Chem., 1930, 34, 360), and titration of a bentonite (legend Wyoming) by 
Marshall (‘‘Colloid Chemistry of the Silicate Minerals’, 1949). The former starts 
apparently as a strong acid, passes through an inflection and then ends as a weak acid 
(Curve A, Fig. 1), resembling the curves we have discussed so far and may be analysed 
analogously. The second type of curve (Curve B, Fig. 1) shows an initial moderately 
weak acid feature, a flat run at a comparatively high ps, an inflection and finally a 
very weak acid feature. This type of curve is not covered by the considerations 
made earlier, We can, of course, provide a qualitative explanation for this kind of 


behaviour from our model. It is likely that the closeness of lattice along c-axis in 


the Wyoming bentonite in its H-form, or, the comparatively short distance of inter- 
particle separation in an aggregate that encloses the inicellar H* ions in general, 
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does no% allow Na* ions, which-are hydrated to a large degree, to enter unless some 
degree of swelling has taken place, increasing the long spacing or the distance. 
This is achieved by the first addition of NaOH which neutralises the intermicellar 
acidity in the same way as any weak acid, raising the px and charging up the inter- 
micellar surface by furtler ionisation from the intermicellar groups. This process 
serves to swell the aggregates or increase the interlayer distance of separation when 
the Na* ions begin to enter the micellar positions displacing the H* ions present there 
and the flat run of the titration curve is obtained at a higher pa. The inflection 
indicates the saturation of the micellar positions and the weak polybasic acid neutrali- 
sation of the intermicellar groups again makes its appearance after the inflection. 
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axa*—Cyaon curves.—Marshall has developed clay membrane electrodes with 
which he has measured the activities of the free ions during a titration. His curves 
have a general feature, neglecting minor variations, as depicted in curve B’ in Fig. 1 
(Marshall, loc. cit.}. The equations (6), (10) and (11) in Part I (loc. cit.) contain 
terms involving (axa*): and each of them can be reduced to 


b=Qt+z- where z = (ana*) 
b= +2 on 


the nature of the curve to which equation between ‘b’ and ‘z’ is shown in Curve A’, 
Fig. 1. This equation is independent of the dissociation constants at different stages 
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of neutralisation except for the values of ‘x’, i.e., iudependent of the nature of the 
intermicellar groups, weak or strong. At high px values zx, i.e., x + 2 zand 
the equation redu-es to 


This means that the slope of the curve at high px is a straight line intercepting the 
abscissa atan angle of 45°, giving the value of C, or the micellar acidity or the 
concentration of adsorbed ions. Our calculations are based on the assumption that 
the corresponding potentiometric curve is one given by Curve A, Fig. 1. The same 
hysteresis observed in the potentiometric curves of Marshall is also reflected here. 
In the case of a titration of Amberlite IR 120 with KOH, where the potentiometric 
curve is of the type A, the corresponding ax*—Cxou curve simulates curve A’ 
(Marshall and Upchurch, J. Phys. Chem., 1953, 57, 618; Gupta, Part III, 
loc. cit., Fig. 2.). It can be shown that for bivalent cations of the titrating base, 
reaction (2) will be b=C, +2 2, and the limiting slope will be 26°-34’. 

The Model and the Double Layer.—The equations and the experimental fits 
(Parts I-IV, loc. cit.) seem to justify our previous assumptions and the model. As 
regards the mechanism of ion adsorption, it is generaliy claimed that the adsorption 
takes place in the Stern’s layer or there is ion-pair formation ; but there is one 
difficulty in adopting such a hypothesis. The S-shaped curves indicate that the ions 
are first adsorbed and the charge on the surface increases subsequently due to ioni- 
sation, as is shown by the buffering after the inflection in the acid range when ion 
adsorption is almost complete and a limiting value is reached. The adsorption in 
Stern’s layer or ion-pair formation mechanism at a free surface, on the other hand, 
requires first a large amount of ionisation from the surface ard then adsorption due 
to a large increase of surface charge as in Curve B (Fig. 1) ; but this hypothesis cannot 
explain the subsequent buffering after inflection in that curve without assuming OH™ 
ion adsorption in that stretch (Marshall, loc. cit.). As the curves of the type A 
(Fig. 1) also exist, the location of the adsorption sites, which are present from the 
beginning of the titration, must be sought on a geometrical basis. Our model 
therefore allows only the formation of the Gouy-Chapman type of double layer. We 
do net think that ions, other than potential-determining ions like H* ions in the 
case of colioidal acids, or, Ag* and I~ ions in the case of AgI sols, can be adsorbed 
at a free surface, The phenomenon of charge reversal brought about by ions of 
higher valency type is often thought of as a proof of the existence of Stern’s 
layer, but the same can be shown from our model as well. If a bivalent ion replaces 
two of the adsorbed or the micellar monovalent ions in the clay (Fig. 2), then we 
get anoimal exchange, but if the monovalent ions are replaced, ion for ion, by the 
bivalent ions, then the particle as a whole gets oppositely charged and we get a charge 
reversal, ‘This is quite akin to the replacement of tetravalent Si by trivalent Al atom 
or replacement of trivalent Al by divalent Mg atom in the clay lattice that produces 
the charge. The same argument applies to the resin system or any other system. 


Case E,—The second type of deviation from the theoretical curves can be under- 
stood from a consideration of the fundamental assumptions involved in the postulation 
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of the model and of the theoretical curves. It has been assumed that the location of 
the adsorption sites, and as such the adsorption capacity or the micellar acidity, C,, 
depends upon the number and geometry of the aggregates, and during a titration 
the number of such aggregates or in other words, the particle size distrisbution, 
remains fixed. Large changes in the shape of the titration curves can be produced 
by changes in the state of aggregation in a given suspension during titration. If 
the particles in a given suspension gradually adhere together, as by a process of 
aggregation or coagulation, it will mean creation of new adsorption sites with each 
adherance. On the other hand, if an aggregate breaks up, some of the adsorption 
sites vanish and become intermicellar groups (cf. the magnified aggregate in Fig. 2). 
It was shown earlier that the effect of ion adsorption due to the Donnan equilibrium 
was to produce a flattening in the neutralisation curve (b-fs). Also creation of new 
adsorption sites means a diminution in the activities of the free ions, i.e., (am):, whatever 
may be the valency of M, and a corresponding decrease in the specific conductivity (x). 
The curves for the variation of pa, the specific conductivity and (am): with concentration 
of added base, i.e., ‘b’, are related and the change in one is bound to be reflected in the 
other curves. It will be seen from the literature cited below that the bivalent cations are 
the worse offenders in disturbing the state of aggregation of a colloidal suspension 
and producing the deviations, assuming of course that the bases containing trivalent 
cations are not used for titration. In this connection we may refer to Mattson’s 
observatjon that the size of a clay particle depends upon the exchangeable ion in the 
clay and is bigger in the case of Ca-clay than in the case of Li- or Na-clay (Soil Sci., 
1929, 28, 373). Suspensions are, in general, more or lass tolerant to smail concentra- 
tions of the monovalent cations of the titrating base without producing any 
aggregating or disaggregating changes. Fig. 2‘a) shows schematically, in two 
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dimensions, plate-shaped particles in a colloidal suspension with occasional aggregates, 
which state is usually maintained when a titration proceeds with caustic alkali. 
The suspension has a small micellar acidity due to the presence of the few aggregates 
and a large amount of intermicellar acidity. If the existing aggregates remain firm 
and no further aggregation takes place, the theoretical curve (Curve A, Fig. 3) will 
be obtaitied which will correspond to our derived equations (equations 11 and 12; 
Part I, loc, cit.). If with the addition of the base a slow process of aggregation 
takes place throughout the titration, there will be a gradual flattening of the 
neutralisation. curve as shown in Curve B, Fig. 3, the suspension in the meanwhile 
passing from stage (a) to stage (b) or (c) in Fig. 2 (cf. Mukherjee and Mitra, 
J. Coll. Sci., 1946, 1, 141, Fig. 6.). If there is is a rapid aggregation at the beginning 
and no further aggregation subsequently, then the slope of the curve will correspond 
to Curve C, Fig. 3. This means the suspension has attained stages (b) or (c) only 
for a small addition of the base and no further aggregation is taking place afterwards. 
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The slope of these curves after inflection is again theoretical (cf. Mukherjee et al., 
Trans. Nat, Inst, Sci. India, 1937, 1, 227, Fig. 20; Mukherjee and Mitra, loc, cit., 
Fig. 7). If the aggregation is rapid at the beginning and a slow process of 
aggiegation continues after the inflection, it will lead to a curve, Curve D, Fig. 3 
{cf, Part II, loc. cit., Fig. 1., Ba(OH), titration curve]. This means the, stage (a) 
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te (b) is rapid while a slow process leads to stage (c) in Fig. 2.. The corresponding 
expected b-—« curves are shown by Curves A’, B’, C’ and D’, and the b-am curves 
by A”, B’’, C’ and D’ respectively in Fig. 3. This means all the curves. are depressed 
by. corresponding amounts. A combination of the above results with that described 
in’ Case D, may lead to curves E and F and corresponding b-« curves to E’ and F’, 
and b-—am to curves EK” and F” (cf. curves published by Chatterjee and Marshall, 
J. Phys. Chem., 1950, 54, 671). If due to the addition of the-titrating base, disaggre- 
gation or peptisation occurs, the changes will take place. in the opposite direction. 
These results follow from our assumption regarding the. adsorption sites. . The curves 
B. and C also show how intersecting curves are possible in these systems (cf. 
Mukherjee and Mitra, loc. cit., Fig. 8). Again, aggregation at one stage. of the 
titration and disaggregation at some other stage, or, aggregation’ by instalments may 
give rise to oscillations and inflections in a curve leading one to the erroneous 
conclusion that the colloidal acid_ concerned is dibasic or tribasic for that reason (cf. 
Mukherjee and Mitra, loc. cit., Fig. 9., and curve 3, Fig. 10.), The real dibasic or 
tribasic features can only be understood from the structure of the colloidal particles 
and from the consideration of the nature of the intermicellar active groups. The 
above considerations also show why a large amount of base is required to reach the 
inflection point in presence of salts which are good coagulating or aggregating agents. 
As different cations have different aggregating powers, the influence of the lyotropic 
series on these curves is only obvious (cf. Mukherjee and Mitra, loc. ‘cit., Figs. 6 
and 8). The effect of aggregation in all cases is to increase the value of Ca, or the 
micellar acidity and the effect of peptisation is to diminish the value of Ca. The 
base-exchange capacity in clays, which is roughly denoted by C, is thus not a fixed 
quantity for the same sample and depends on the number and type of structures of 
the aggregates formed and is thus different for different reagents at different concentra- 
tions of a reagent and at different pa. - 

The forn:ation of gel structure by the agg!omcration of sol particles has been 
reported by Bernal (Trans. Faraday Soc. Disc., 1945, 42B, 1). Incidentally, the 
aggregates in (c) in Fig. 2, suggest schematically how the formation of tactoids is 
possible with increasing concentration of sol particles. 

It should be noted that the stages (a), (b) and (c) in Fig. 2 do not signify 
anything else beyond showing schematically increasing degree of aggregation. 

The author’s thanks are due to Dr. S. K. Mukherjee, Reader in Applied Chemistry, 
and to Prof. P. B. Sarkar, Head of the Department of Chemistry, Calcutta University, 
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AMINO DERIVATIVES OF TITANIUM TETRABROMIDE. PART III 


By Sarju PrRasAp AND Jar Bent PRASAD TRIPATHI 


The amino derivatives of titanic bromide have been prepared by the action of titanium tetrabro- 
mide on some aliphatic amines ind heterocyclic bases, and their properties studied. 


Rosenheim and Schiitte (Z. anorg. Chem., 1901, 26, 239) had studied the action 
of titanic acid in alcoholic hydrobromic acid on pyridine hydrobromide and isolated 
pyridinobromotitanic acid, (C;H;N),.H.TiBr,. In continuation of our earlier work 
(this Journal, 1956, 83, 838 ; 1957, 34, 452), the present investigation has been carried 
out with a view to studying the action of anhydrous titanic bromide on some aliphatic 
amines and heterocyclic bases. 


ExPERIMENTAL 


The amines and heterocyclic bases used were of Merck’s or B. D. H. ‘extra pure’ 
quality, ‘Titanium tetrabromide was prepared as before (loc. cit.). Sodium hypo- 
bromite, used in the rotentiometric studies for the estimation of amines and heterocyclic 
bases, was prepared according to the method described by Kolthoff (“Volumetric 
Analysis’’, 1929, Vol. II, p. 468). 

The compounds were prepared and analysed according to the methods described. in 
Part I (loc.cit.) and their properties studied. In all the compounds except tetrakis-a- 
picolino-, telrakis-pyridino- and bis-nicotino-titanic bromides, the amine and_ heterocyclic 
base’ were also estimated by poteutiometric method and the percentage of nitrogen in 
the compounds calculated. ‘Two sets of titrations were carried out in each case. The 
results recorded in Table I are the average of the two values. 


Estimation of Amine and Heterocyclic Base by Potentiometric Method.—The- 
compound (~ 0.25~1.4 g.) was weighed out accurately, dissolved in 2N-H,SO, and’ 
made feebly alkaline with NaOH solution. It was then filtered and the residue 
(titanium hydroxide) washed well with water. The filtrate and the washings were 
coliected and the volume made up to 250c.c. An aliquot portion of the solution ‘was: 
taken in a beaker and titrated against a standard solution of sodium hyrpobromite (o0.08N) 
at the room temperature. When sodium hypobromite is added to the fecbly alkaline 
solution of the compound, a gradual change in potential occurs, but near the equivalence 
point there is an abrupt change in potential (due to a slight excess of the reagent). This 
change in potential is very sharp in the case of tetrakis-dimethylamino-, tetrakis-di- 


ethylamino-, teirakis-piperidino- and bis-piperazino-titanic bromides, as shown in Fig. 1, 


but not so marked in the case of tetrakis-n-butylamino-, bis-ethylenediamino- and 
tetrakis-trimethylamino-titanic -bromides, Similar titrations were carried out with 
bi is-nicotino-, telrakis-a-picolino- and tetrakis- Ppyridino-titanic bromides under idesitical 
conditions, but no definite conclusions could be drawn from the observations, . ¢ 
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As the amines and the heterocyclic bases examined form N-mono, di- or tri-bromo 
derivatives and some of them even perbromides (Sahasrabudhey et al., this Journal, 1953. 
30, 652), blank experiments have been carried out by titrating the pure amine or hetero- 
cyclic base under identical conditions, but only the curves for diethylamine and _ piperi- 
dine (Fig. 1, curves I & II) are shown. 

Sodium hypobromite in feebly alkaline medium reacts with aliphatic amines forming 
N-mono or dibromo derivatives with primary amines, depending upon the quantity of 
hypobromite ‘used and only N-monobromo derivative with secondary amines. ‘The reac- 
tions in general may be represented in the case of a primary amine <s: 

R.NH, + NaOBr —> R.NHBr + NaOH 
R.NHBr + NaOBr —> R.NBr, + NaOH 

and in the case of a secondary amine as: 
R,.NH + NaOBr > R,.NBr + NaOH. 

However, ethylenediamine forms N-tetrabromoethylenediamine 

CH,.NBrz 


The quantity of hypobromite consumed in the case of trimethylamine indicates the 
formation of N-dibromo derivative and may be represented as: 
2a(CH;),N + 4NaOBr + 2H,O — 2(CH;);NBr, + 4NaOH + O,. 
This derivative was also isolated in dilute alkaline medium by Sahasrabudhey 
et al. (loc.cit.). 
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The reactions with heterocyclic bases are similar to those with secondary amines. 
The bromo derivatives formed at the equivalence point are 
CH,-NBr~-CH, 
and 
CH,-CH,-CH, CH,-NBr-CH, 
with piperidine and piperazine respectively. 

The curves III-1V in Fig. r and VII-IX in Fig. 2 refer to the estimation of the 
amine in tetrakis-dimethylamino-, tetrakis-diethylamino-, tetrakis-piperidino-, bis- 
piperazino-, tetrakis-n-butylamino-, bis-ethylenediamino- and tetrakis-trimethylamino- 
titanic bromides respectively. 

I 


(T. B. denotes titanic bromide). 


Weight of the 


Compound. Compound, Amine Amine (found % Nitrogen. 
(calc.). from the curves). 
Diethylamine 0.8178 g. 0.5178 g. 0.5201 g. 19.27 
Pipcridine 0.3454 0.3454 0.3468 16.54 
tetrakis-Dimethylamino-T.B. 0.7740 0.2542 0.2538 10.20 
a diethylamino T.B, 0.7275 0.3219 0.3211 8.47 
»  piperidino-T.B. 1.3918 0 6684 0.6694 7:93 
bis-Piperazin -T.B. 0.5170 0.1647 0.1651 10.40 
tetrakis-n-Butylamino-T.B. 0.4676 0.2069 0.2073 8.50 
bis-Ethylenediamino-T.B. 0.2388 0.0587 0.0588 11.50 
tetrakis-Trimethylamino-T.B. 0.4638 0.1812 0.1817 9.30 
TABLE II 


Compounds of litanium tetrabromide with aliphatic amines. 


Amine. Compound formed. Colour. M.P.  % Titanium. % Bromine. % Nitrogen, 
Found. Cale. Found, Cale. Found. Calc. 
n-Butyl- tetrakis-n-Butyl- Dirty 7.24 7.27 48.32 48.48 8.35 8.48 
amine amino-T.B. white 
[Ti (CgHgNH)4] Bry 
Ethylene- bis-Ethylenedi- Light 330° 9:79 9.84 65.43 65.57 11.29 11.48 
diamine amino-T.B. yellow 
CH,NH, 
Ti | Brg 
CH,NH, 
Dimethy]l- tetrakis-Dimethyl- Greyish 296° 8.78 8.76 5845 58.39 10.14 10.22 
amine amino-T.B. white 
Diethyl- tetrakis-Diethyl- Yellowish 300° 7.26 7.27 48.35 48.48 8.42 8.48 
amine amino-T.B. white 
Nicotine bis-Nicotino-T.B. Reddish 136° 6.90 6.94 46.12 46.24 8.04 8.09 
LTi orange 
‘Trimethy]- tetrakis-Trimethyl- White 288° 7.98 7.95 52-85 52:98 9.13 9.27 
amine i with a 


amino-T.B. 
(Ti{(CH3)3N}4]Bry yellow shade 
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III 
Compounds of titanium tetrabromide with heterocyclic bases. 


Compound formed. Colour. M.P. % Titanium. % Bromine. % Nitrogen. 


Heterocyclic 
base. Found. Cale. Found. Calc. Found, Calc. 
Piperidine tetrakis-Piperi- Yellow- 304° 6.74 6.78 45.12 45-20 7.82 7.91 
dino-T.B. white 
[Ti Bry 
Pyridine tetrakis-Pyri- White 167° 7.03 7.02 46.56 46.78 805 819 
é dino-T.B. 
(Ti (C;H;N),4] Bry 
a-Picoline* tetrakis-a- Orange 132° 6.45 6.49 43.16 43.24 7-49 7-57 
picolino-T.B. 
LTi (CeH7N)4] Bry 
Piperazine bis-Piperazino-T.B. White 350° 8.82 8.89 59.19 59.26 10.12 10.37 
: 


- Properties of the Compounds.—The compounds formed with titanium tetrabromide 
and aliphatic amines or heterocyclic bases are similar to those formed with the aromatic 
amines. ‘These are almost insoluble in absolute alcohol, benzene, CCl,, CHCI,, acetone 
and petroleum ether, but readily soluble in cold dilute mineral acids. Hydrolysis of the 
compounds starts when in contact with water, but complete hydrolysis takes place 
only on boiling. Hydrolysis is facilitated by Na,CO, or NaOH, precipitating titaniuin 
hydroxide : 
Ti (4A)Br, + 4NaOH — Ti(OH), + 4NaBr + 4A 
where ‘A’ represents the amine or heterocyclic base. 

When these are heated alone, a compound separates out, which is soluble in water, 
acidic and gives the test for Br~ and -NH,, = NH and: N in the case of primary, 
s:coudary and tertiary amines respectively and for Br~, = NH and :N in the case of 
heterocyclic bases. On heating with sodalime the corresponding amine or heterocyclic 
base separates out. . These derivatives are fairly stable except tetrakis-«-picolinotitanic 
bromide, which is very hygroscopic and begins to hydrolyse when exposed to atmos- 
phere, though it is stable when kept in perfectly dry atmosphere or in vacuum. 

The structures of these compounds appear to be similar to those formed with amines 


as shown in Part I (loc.cit.). 
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STEREOCHEMISTRY OF 3-BROMOFLAVANONES, 3-BROMOFLAVAN- 
4-OLS AND FLAVAN-3 :4-DIOLS 


By C. G. Josu1 anp A. B. KULKARNI 


Two isomeric 6-methy]l-4’-methoxy-3-bromoflovanones have been synthesised and on the basis of 
conversion of one into the other and their infra-red data, conformations have been assigned to them. 
These bromoflavanones have further been reduced to the corresponding-3-bromoflavan-4-ols and on the 
basis of chemical reactions and physical data, conformations have been assigned to these bromohydrins. 
One of the above bromohydrins has been converted into the corresponding flavan-3 :4-diol diacetate. 
Farther, the stereochemistry of all the four racemates of 6-methyl-4’-methoxyflavan-3 :4-diol has been 
discussed and ‘conformations assigned to them. 


In a previous communication (Kulkarni and Joshi, Chem. & Ind., 1954, 1456) on 
‘the synthesis of flavan-3:4-diols the concept of conformational analysis (Barton, J. 
Chem, Soc., 1953, 1027) was for the first time introduced in this field of anthoxanthins 
to understand their stereochemistry. Dihydropyran riug was compared with cyclo- 
hexene (Baiton, Chem. & Ind., 1954, 21) and the equatorial-favoured conformation for 
side phenyl nucleus was suggested. The present communication discusscs the stereo- 
chemistry of 3-bromoflavanones, 3-bromoflavan-4-ols and flavan-3 : 4-diols, 


Stereochemistry of 3-Bromoflavanones 


Earlier only one isomer of a 3-bromoflavanone {Zemplen and Bogner, Ber., 1943, 
76, 452; Seshadri et al., Proc. Ind. Acad. Sci., 1954, 389A, 254) was reported though 
theoretically two isomers having different configuration for C,-Br can exist. Recently, 
Limaye and co-workers (Rasayanam, 1955, 2, 90) reported the isolation of two 3-bromo- 
flavanones, but they did not discuss the theoretical implications of their existence. They 
further reported the conversion of the isomer (II) into its epimer (I) by boiling it with 
acetic acid-hydrochloric acid (85:15), but latter could not be converted into the former, 
thus indicating the comperative stability of the higher melting isomer. In the light 
of our previous hypothesis and the above observation on conversion, the stable isomér 
(I) is assigned a favoured (2e, 3e) conformation and its epimer (II), (ze, 3a) conformation. 
According to their method 6-methyl-4’-methoxy-3-bromoflavanone (II: m.p. 138°) 
obtained by the cyclisation of chalkone dibromide and its isomer (I:m.p. 152°), prepared 
by bromination of the corresponding flavanone, were synthesised (Bhide, Ph.D. thesis, 
Poona University, 1953) and the observation of Limaye aud co-workers on_ these 
‘compounds being 3-bromoflavanones was confirmed by their dehydrobromination to the 


corresponding flavone. 


. 
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O (e) O 
sat AS » 
H;C  Brfe) H;C Br(a) 
O O 
(1: m.p. 152°) (II: m.p. 138°) 


LiAlHy LiAIH, 


H;C  Brfe) H;C  Brfa) 
OH(e) OH (a) 
(III : m.p. 175°) (IV: m.p. 200°) 


U. V. and I. R. spectroscopic studies of a-halogeno-cyclic ketones by Cookson 
(J. Chem. Soc., 1954, 282) and Jones et al. (J. Amer, Chem. Soc., 1952, 74, 2828 ; cf. 
Corey, ibid., 1953, 75, 2301) have helped to assign conformation to the halogen atom. 
Ring B of 3-bromoflavanone may be compared with a-halogeno-cyclic ketone and, 
hence, comparative U. V. andI.R. spectral studies of 6-methyl-4’-methoxyflavanone 
and the two isomeric 6-methyl-4’-methoxy-3-bromoflavanones were undertaken. 
U.V. spectra cf the above three compounds were identical and hence were not helpful 
in distinguishing between axial and equatorial bromine bonds, In infra-red spectra of 
substituted flavans, assuming that the flavan absorption ‘is fairly constant, a band 
of lower frequency 663 cm™' in the infra-red curve of the lower-melting 3-bromo- 
flavanone (II) indicates C,-Br as axial anda band at higher frequency 7527' in the 
curve of its isomer shows it to be equatorial (Barton and Cookson Quart. Rev., 
1956, 10, 64). This physical evidence is in agreement with the conformations 
suggested to the carbonyl frequencies of the three ketones though this frequency is 
generally used to assign conformations to 2-halogens in the cyclic ketones (Cookson and 
Dandegaonkar, J. Chem. Soc., 1954, 282). 


Stereochemistry of 3-Bromaflavan-4-ols 


On reduction of 6-methyl-4’-methoxybromoflavanone (II: m.p. 138°) with lithium 
aluminium hydride to the corresponding 3-bromoflavan-4-ol (IV: m.p. 200°) was obtained 
in almost quantitative yield (Kulkarni and Joshi, Chem. & Ind., 1956, 124). This bromo- 
hydrin on treatment with acetic acid-potassium acetate afforded a diol diacetate (V: m.p. 
152°) which was not identical with any of the two diol diacetates (Kulkarni and Joshi, 
ibid., 1954, 1456), previously synthesised by the reduction of the dihydroflavonol with 
C,-OH equatorial and which were isomeric in position ‘‘4’’. By exclusion this diol 
diacetate must havea different configuration for C,-OH, i.e, C,-OH must be axial. 
Further, on treatment with sodium hydroxide in dioxane, this 3-bromoflavan - 4-ol 
furnished an epoxide (VI: m.p. 116°} which on treatment with acetic acid-sulphuric 


| O O 
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acid and acetylation afforded the same diol diacetate, m.p. 152°. On the basis of the 
accepted mechanism (Shoppe: et al., J. Chem. Soc., 1954, 4225) of the formation of the 
epoxide with inversion at C,-Br bond, i.e. C3-Br (a) —> Cs-O (e) and its trans- fa, a)- 
opening (Shoppee and Summers, ibid., 1952, 3381; Fiirst and Plattner, rath Inter, 
Congr. Pure & Applied Chemistry, New York, 1951, Abs. Papers, S 409; cf. Barton, 
J. Chem. Soc., 1953, 1033 ; Fiirst and Scotoni, Helv. Chim. Acta, 1953, 86, 1410) the 
diol diacetate should have both C,-OCOCH; and C;-OCOCH,; axial. This leads us to 
believe that 3-bromoflavan-4-ol has C;-Br and C -OH both axial and, hence, it is assigned 
(2e, 3a, 4a) conformation. ‘The bromohydrin on boiling with alcoholic hydrochloric 
acid developes a coloration characteristic of anthocyanidin formation. Such a behaviour 
would be expected of a bromohydrin with C;-Br (a) asit would be easily dehydro- 
brominated by trans-{a, a) elimination to provide an anthocyanidin through its leuco- 
base. This observation further supports the configuration assigned. 


<  {IV) 
g 
|e 
Ly 
([V=IV: OAc (a) in places of Br(a) and OH (a)] 
—<__)-ocn, 
H,C 
ime) 
(a) 
(VI) 


The above conformation is supported by the infra-red curves of 3-bromoflavan-4-ol 
and its acetate. Absorption bands of 3-bromoflavan-4-ol at 1038 cm™* and 995 cm-' are 
attributed to C,-OH (a) and one at 6-~cm-'is also due to C,-Br (a), In its acetate 
bands at 1754, 1226, 1035, and 1000 cm™ are due to C;-acetate (a) and bands at 626 and 
738 are assigned to C,-Br (a). 

Similarly, on reduction of 6-methyl-4’-methoxy-3-bromoflavanone (I) with C,-Br (e), 
m.p. 152°, with lithium aluminium hydride, tie corresponding 3-bromoflavan-4-ol (III) 
is obtained. On the basis of reduction mechanism due to hydrides, i.e., in «-equatorially 
substituted ketone, both equatorial and axial approaches are equally favoured and therefore 
the reaction should be ‘‘products development controlled’’ (Williams et al., J. Amer, 
Chem. Soc., 1956, 78, 2579 and references cited therein) and, hence, thermodynamically 
more stable, i.e., C;-OH (e) conformation is assigned to the reduction product, 3-Bromo- 
flavan-4-ol would therefore have (2e, 3e, 4e) conformation (III). C;-Br (e) of this bromo- 
hydrin [(C;-OH (e), C-Br (e)] could not be replaced by an acetoxy group as was the case 


6—1947P —10 
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with the previous one [C;-OH, (a) ; C;-Br (a)] instead it afforded flav-3-ene-4-acetate. 
This experimental evidence isin agreement with the observation of Alt and Barton 
(J. Chem. Soc., 1954, 4287) that replacement reaction proceeds smoothly with a diaxial 
bromohydrin but takesa different course with the diequatorial compound and, thus, 
indirectly supports the conformation assigned. On _ boiling with alcoholic hydrochloric 
aciC, the bromohydrin does not exhibit an anthocyanidin coloration, as would be 
expected of a bromohydrin with C;-Br (e). The bromine atom cannot be easily 
eliminated due to its equatorial character. These assignments to C;-Br and C,-OH 
are further supported by I.R. spectral analysis. Bands of this bromohydrin at 1080, 
1035, 950 cm-* are due to C,-OH (e) and bands at 760 and 667 cm-' are due to C;-Br (e). 
In its acetate bands at 1748, 1230, 1070, 1030 cm-" are assigned to C,-acetate (e) and the 
band at 760 cm- is assigned to C;-Br (e) (compare with other bromohydrin). 


Stereochemistry of Flavan-3 :4-diols 


(A). Flavan-3 :4-diols isomeric in position “‘4’’.—6-Methyl-4’ - methoxyflavan-3 : 4- 
diols (VII1: m. p. 169°) and its isomer (IX : m.p. 193°) having a different configuration 
for C,-OH were obtained on reduction of the corresponding dihydroflavonol [VII :C,- 
OH (e) ; Kulkarni and Joshi, loc. cit., p. 1456] with lithium hydride. The lower-melting 
isomer was also obtained almost in quantitative yield on catalytic reduction of dihydro- 
flavanol in acidic medium. On the basis of the generalisation that catalytic hydrogena- 
tion of an unhindered ketone in acidic medium affords an axial alcohol, C,-OH of the 
lower-meltiag racemate is assigned axial conformation. C,-OH of the other isomer is 
therefore equatorial. The higher-melting racemate (XIV) therefore is assigned (2e, 3¢, 
4e) conformation and the lower-melting one, (2e, 3e, 4a) conformation. The above 
conformations are further supported by the following chemical evidences and accepted 
generalisations. 

(i). The assignments postulated comply with the Auwe1-Skita tule (Von Auwers, 
‘Annalen, 1920, 420, 89 ; Skita, Ber., 1920, 53, 1792) which holds good rigidly for 1 : 2- 
derivatives of cyclohexane (Hiickel, Annalen, 1937, 533, 1). Thus trans-(4e, 3e) isomer 
has higher melting point and lower solubility than the cis-(4a, 4e) isomer. 

(ii). The cis-(3e, 4a) isomer (VITI) on treatment with ethyl chloroformate (King and 
Clark-Lewis, J. Chem. Soc., 1954, 1399) forms a cyclic carbonate. Under identical 
experimental conditions the trans-(3e, 4e) is recovered unchanged. The formation of 
cyclic carbonate can also take place if the conformation is cis-(3a, 4¢), but this assignment 
goes against the conformation assigned to the origiral dihydroflavonol as C,-OH 
equatorial and the chemical evidence cited unded (iii). 

(iti). On chromatographic elution of diol diacetates on activated alumina, the 
acetate of cis-(3e, 4a)-diol is eluted first. This sequence of elution is in agreement with 
the generalisation (Savard, J. Biol, Chem., 1953, 202, 457; Stoll et al., Helv. Chim, 
‘Acta, 1954, 37, 1039 ; Alt and Barton, J. Chem. Soc., 1954, 4284) that cis compounds are 
eluted out first. 

(iw). ‘The diacetate of cis-(3e, 4a)-diol was hydrolysed to 60.2% while that of trans- 
(3e, 4e)-diol hydrolysed to 70.0% under identical experimental conditions. C,-OH (a) 


is sterically more hindered than C,-OH (e) by C,-OH (a) and, hence, the velocity of 
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hydrolysis of the former should be slow, as has been experimentally observed. ‘Thesé 
data are in agreenient with the conformation assigned. 


[VUI=IV :OH{(a) in place of Br(a) 


O 
| (VIII: 160") 


H, OH O 
Rane; Ni H;C | OH(e) 
[XI=III : OH(a) in place of Br(e)] (IX :(m.p. 193°) = 


(VII) [III :OH(e) in 
! place of Br (e)] 


(B). The Third Racemate of the Flavan-3:4-diol.—The discetale of the third 
racemate synthesised from 3-bromo-(C,-Br, a)-flavan-4 ol-(C,-OH-a) is different from the 
two diol diacetates, isomeric in position-4, reported above. Hence, it follows by exclusion 
that this racemate must have a different configuration, i. e., C;-OCOCH; must be axial. 
It is therefore assigned trans-(C,-OCOCH;-a, C,-OCOCHs-a) conformation. 


This configuration is further supported by the fact that it does not forma cyclic 
carbonate on hydrolysis, as would be expected of a trans-(a-a)-diol. This assignment 
suggests that C,-Br (a) is replaced by C-OCOCH; (a) with retention of configuration. 


Such SN'-type mechanism for replacement of halogen has been previously observed 
by Shoppee et al. (J. Chem. Soc., 1946, 1147}; 1955, 679, 686) and Winstein et al. (J. 
Vmer. Chem. Soc., 1952, 74, 1140) and is explained on double bond or aromatic z-elec- 
tron participation. ‘The same diacetate (C,-OCOCH,-a, C,-OCOCH,-a) is formed by the 
opening of’an epoxide ‘4a, 3e), obtained from 3-bromo-(C-Br, a) - flavan-4-ol (C,-OH, a). 
This conformation is further in agreement with the well-established® mechanism, for the 
trans-{a-a)-opening of an epoxide-(4a-3e) formed by inversion (Wiustein and Buckle, 
J. Amer. Chem, Soc., 1942, 64, 2787) of C;-Br-(a) to C;-O-(e). Inversion at C;-Br-(a) to 
C;-O-(e), assumed to take place during the formation of epoxide, does not go against the 
explanation given above for retention of configuration, asit is well established by 
Winstein et al. (J. Amer. Chem. Soc., 1952, T&, 1140) and recently by Shoppee et al., 
(J. Chem. Soc., 1955, 494) that in spite of the phenyl group participation, the solvent and 
the reagent play a very important part in deciding the halogen-replacement mechanism. 
The experimental conditions used for the epoxide formation are very favourable for 
inversion of configuration while those used for replacement of bromine are favourable for 
retention of configuration (cf. Winstein, loc. cit.). 
(C). The Fourth Racemate.—The remaining fourth racemate (XI) would have (ze, 3a, 4e) 
conformation, the same assigned to synthelic melacacidin obtained by King and Ciark- 
Lewis (Chem. & Ind. 1953, 1368 ; loc. cit.). This assignment of King et. al. is comple- 
mentary to our above assignments to the three racemates and isin agreement with both 
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the formation of cyclic carbonate from his diol and the generalisation of catalytic cis- 
addition of hydrogen to the double bond of the flavonol and formation of compara- 
tively stable isomer. 

Regarding the investigation of Bogner and Raskosi (Chem, & Ind., 1956, 188) 
on the synthesis of flavan-3:4-diols and their isolation of only one isomer, we may 
add that we have further isolated both the isomers in a number of cases either by 
chromatography of diol diacetates or by partial crystallisation of diols, and, hence, 
their conclusions are not convincing, 


ExPERIMENTAL 


6-Methyl-4'-methoxyflav-3-ene-3 :4-epoxide (VI).—The bromohydrin (m.p. 200° ; 
0.5 g.) was dissolved in dioxane (50 c.c.) and 10N-NaOH solution (5 c.c.) was added 
to it and heated to a gentle reflux for 4} hours and then poured in cold water. The 
resulting precipitate was filtered, washed thoroughly with water, dried and dissolved in 
petroleum ether and filtered. On removing petroleum ether a colorless residue was 
obtained which was crystallised twice from alcohol, m.p. 115-17°. yield 0.15 g. 
(Found :C, 76.1 ; H, 6.5. Ci7HisO; requires C, 76.1 ; H, 6.0%). 

Hydrolys's of the Diacetate of 6-Methyl-4’-methoxyflavan-3:4-diol (IX).— The 
diacetate (m.p. 98°; 10 mg.) was dissolved in alcohol and boiled with NaOH (0.01N ; 
5 c.c.) for 20 minutes. The excess of alkali was titrated against 0.01N-HCl. Alkali 
consumed was 3.9 c.c. of o.orN ; % hydrolysis, 72.2. 

Hydrolysis of the Diacetate of 6-Methyl-4’-methoxyflavan-3 :4-diol (VIII).—The 
diacetate (m.p. 123° ; 20 mg.) was dissolved in alcohol and boiled with o.orN-NaOH 
(10 c.c.) for 20 minutes. The excess of alkali was titrated against 0.orN-HCl. The 
alkali consumed was 6.5 c.c. of o.o1N ; % hydrolysis, 60.2. 

Cyclic Carbonate of the Diol (VIII: m.p. 169°).—To a solution of the flavan-3 : 4-diol 
(m.p. 169°) (0.1 g.) in benzene-dioxane (6 + 1 c.c.) and ethyl chloroformate (1 c.c.) 
was added dropwise triethylamine (1 c.c.) when bciling commenced and a precipitate 
was formed. The reaction mixture was allowed to stand for < hours and filtered. 
The filtrate was evaporated and the residue was crystallised three times from petroleum 
ether, m.p. 144°, yield 0.04 g. (Found: C, 69.11; H, 4.90. CisHisOs requires C, 
69.23 ; H, 5.12%). 

Chromatographic Separation of the Mixture of the Diol Diacetates (m.p. 123° & 
98°).—6-Methyl-4’-methoxydihydroflavonol (1 g.) was reduced with LiAlH, and the 
residue (0.6 g.) obtained after workirg up the reaction mixture as usual was acetylated 
with acetic anhydride (4 c.c.) and pyridine (2 c.c.). The mixture of the diacetates was 
dissolved in minimum amount of benzene and chromatographed over activated alumina. 
The first two fractions eluted with petroleum ether (b.p. 40°-60° ; 50 c.c. each) gave 
a semi-solid which could not be induced to crystallise. Fractions 3 to 5, eluted out with 
petroleum ether-benzene (90:10), gave a crystalline substance, m.p. 98-115° (0.27 g.) 
which on recrystallisation furnished the diol diacetate, m.p. 123°, as the main product. 


Fractions 6, 7 and 8, eluted with the same solvent, mainly consisted of the diacetate of 
m.p. 98°, and the diol of m.p. 193° could be isolated by its hydrolysis. 


STEREOCHEMISTRY OF 3-RROMOFLAVANONES ETC. 759 


Synthesis of 6-Methyl-4’-methoxyflavan-3 : 4’-diol-diacetate from 6-Methyl-4’-metho- 
xyflav-3-ene-3:4-epoxide.—To a solution of the epoxide (m.p. 115-17°) (0 15 g.) in 
glacial acetic acid (5 c.c.) was added H,SO, (conc., 0.1 c.c.) and was allowed to stand 
for 5 hours. The solution was poured in water and the product extracted with ether. 
The ethereal extract was washed with water, dried over anhydrous sodium sulphate 
and the ether distilled over when an oil was obtained. ‘The oily residue was acetylated 
with acetic anhydride (3 c.c.) and pyridine (1 c.c.) and worked up as usual, when a 
compound, m.p. 152°, was obtained (yield 0.1 g.). It was crystallised from alcohol, 
m.p. 152° ; mixed m.p. with the diol diacetate, described above, showed no depression. 


TABLE I 


Ultraviolet and infra-red data, 


Name of the compound. Ultraviolet frequency. Infra-red frequency. 
Log «. 

6-Methy1-4’-methoxy- 3-bromoflavanone max. 1696, 1610, 1585, 1515, 1474, 

(II), m.p. 138° (Limaye, loc. cit.). 2240A 4.47 1200, 821 an] 663 cm™! 
2610 4.01 
3350 3-56 

6-Methy]-4’-methoxyflavanone (Auwers 2200 4.46 1685, 1610, 1588, 1515, 1470; 

et al., Ber., 1921, 54B, 1543) 2540 4.03 1224, 836, 802 cm™! (Nujol) 
3320 3.56 

6-Methy1!-4’-methoxy-3-bromoflavanone 2240 4.49 1692, 1610, 1585, 1515, 1474, 

(I), m.p. 152° (Limaye, loc. cit.) 2610 4.03 1200, 821, 752, 543 cm*! 
3350 3.62 

6-Methy]-4’-methoxy-3-bremoflavan-4- ove 1038, 99s, (CSq) ; 

ol (IV), m.p. 200° (Kulkarni & Joshi, 623 (Nujol) and 

loc. cit., 1956) additional maxima due to 


methoxyflavan system. 


Acetate (Kulkarni et al., loc. cit.) ie she 1754, 1226, 1035, 1020, 738, 
626 “em=! (CS,) and maxi- 
ma due to methoxyflavan 


system. 
6-Methoxy-4’-methoxy-3-bromoflavan-4-ol 760, 667 cm~! (Nujol) and 
(III), m.p. 175° (Kulkarni & Joshi, loc. cit.) maxima due to methoxy- 


flavan system ; 1070, 1035, 
gso in addition 
to the maxima due to me- 
thoxyflavan system. 


Acetate (Kulkarni et al., loc. cit.) a _ 1748, 1230, 1070, 1030, 760 
(CS_) & maxima due 


to methoxyflavan system. 
6-Methy1-4’-methoxyflavan-3 :4-diol (TX), “ an 3565, 3350, 1680, 1516, 1510, 
m.p. 193° (Kulkarni & Joshi, loc. cit., 1238, 1022, 836 cm ! | 
P -1456) (Nujol) 
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Name of the compound. 


TABLE I (contd.) 


Uttraviolet and infra-red data. 


Ultraviolet frequency. 


Log €, 


Infra-red frequency. 


_ 1742, 1612, 1516, 1510, 


1238, 1031, 826 cm“! 
(Nujol) 

3579, 3455, 3220, 1612, 1590, 
1518, 1238,'1034, 1006, 831 
(Nujol) 

1742, 1610, I£90, 1510, 1238, 
1034, 1005, 831 cm™! 
(Nujol) 

1740, 1610, 1590, 1506, 

1220, 1025, 826 cm™! 
(Nujol) 


The authors are grateful to Profs. D. H. R. Barton, F.R.S. and R. C. Shah for 
helpful discussion and Dr. Eglington for Infra-red curves aud their interpretation. 


i Diacetate (loc. cit.) 
6-Methy1-4’-methoxyflavan-3 :4-diol 
vy (VIII), m.p. 169° (Kulkarni e¢ al., 
loc. cit., p. 1456) 
Diacetate (loc. cit.) 
6-Methy1-4’-methoxyflavan-3 :4-diol 
a diacetate (V), m.p. 152° (Kulkarni 
& Joshi, lec. cit., 1956) 
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SESQUITERPENES AND RELATED SUBSTANCES. PART VI. 
SYNTHESIS OF A C,;-AZULENE* 


By PHANINDRA CHANDRA DoTTA 


Synthesis of a Cjs-azulene, isomeric with guaiazulene, has been described, but the position of the 
alkyl substituents in the azulene template could not be definitely established. 


In a previous publication (Dutta, this Journal, 1956, 33, 885) the synthesis of the 
ketones (I, II) was described with the idea of developing methods for the impor- 
tant C,;-azulenes, which were obtained through dehydrogenation of some sesquiterpenes. 
The present investigation deals with the ketone (I) inan attempt to synthesise guaiazu- 
lene (III). However, before proceeding with the expensive ketone (I), some pilot 
experiments were carried out to fuse a cyclopentane ring to cycloheptanone derivatives. 
Preliminary studies consisted of the condensation of %-halogenated alicyclic ketones 
like bromoacetone or 3-bromobutan-2-one (IV) (Catch et al., J. Chem. Soc., 1948, 274) 
with ethyl cycloheptanone carboxylate. Subsequent hydrolysis and ring-closure in 
one step might lead to the formaticn of (VIa, VIb). 


Me 
\-7 \=7 
Pr Pr Pr 
(1) (II) (111) (IV) 
CO,Et 
(Va:R=H) (VIa :R=H) 
(Vb:R=Me) (VIb: R= Me) 


The reaction resulted in the formation of the desired ketones but in a compara- 
tively poor yield. The ketone (VIa) has been described recently (Islam and Raphael, 
]. Chem. Soc., 1952, 4056 ; 1955, 3152). In the case of (VIb), the condensation product 
(Vb) contained a trace of bromine which presumably arose from 3 : 3-dibromobutanone, 
which was produced simultaneously during the formation of the monobromoketone 
(IV). The removal of the former was found to be difficult through distillation because 
of very close boiling points, as contrasted to those of 1-bromo- or 1 : 3-dibromobutanone, 

*This piece of investigation was carried out in 1948-49 during the tenure of a Foreign Travelling 
Fellowship awarded by the University of Calcutta in 1947 and constituted a part of the report submitted 
to the University. 
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Analysis of (IV) also indicated its contamination to the extent of about 5%. The 
ultraviolet absorption studies indicated the presence of «8-unsaturated ketonic system 
in (VI). Both the ketones yielded semicarbazones or phenylsemicarbazones which 
gradually turned yellowish during drying for analysis or on standing, a characteristic 
of some «8-unsaturated ketones (Simonsen ef al., ibid., 1937, 1576; Dimroth, Ber., 
1948, 81, 243). The wide difference in melting point of the semicarbazone of the 
ketone (Vla) from the recorded values might be explained due to this behaviour. The 
position of the methyl group in the ketone (VIb) has not been unequivocally established 
in view of the results obtained with the keto-ester (XIII) (vide infra), It is also diffi- 
cult to rule out this uncertainty from ultraviolet studies alone for reasons to be discus- 
sed presently. 

The next experiment, which was somewhat complimentary to the previous one, 
corsisted of the condensation of bromocycloheptanone (VII) with ethyl methylaceto- 
acetate. The condensation proceeded with 20% yield to furnish (VIII), but the removal 
of the carbethoxyl gioup proved to be an insurmountable difficulty due to extensive 
decomposition of the molecule under acidic or alkaline condition. 


¢ 4 £0.Me 
(vin) (VIII) 


Another approach to realise this objective may be schematically represented below : 


— CO 
CO,Et J 
Me Me 
(IX) (X) (XI) 


On condensation of ethyl cyclokeptanone carboxylate with ethyl «-bromopropio- 
nate, (IX) was readily obtained, which on alkaline hydrolysis afforded the acid (X). 
Attempt to convert the carboxyl group to acetyl (Wilds and Close, J. Amer. Chem. 
Soc., 1947, 69, 3080) through the corresponding acid chloride failed and the product, 
so obtained, was found to be enol-lactone (XII). However, the elegant methods (Fuji- 
moto, ibid., 1951, 78, 1856 ; Turner, ibid., 1950, 72, 580), which have been successfully 
exploited in recent years for the synthesis of unsaturated cyclic ketones, were not 
then available to be applied to this enol-lactone. 


\ 

\ — 
(XI) 
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Methylisopropylcycloheptanone (I) condensed with ethyl oxalate and the oxa!o 
derivative, so oLtained, was thermally degraded to (XII1) in presence of a trace of 
boric acid as a catalyst (Prelog et al., Helv. Chim. Acta, 1944, 27, 1586). The keto- 
ester (XIII) was condensed with ethyl «-bromopropionate to afford (XIV) which was 
converted into the acid (XV). Attempts to isolate the corresponding acid chloride or 
the enol-lactone also failed and the distilled product in the latter case smelt strongly of 
sulphur-containing impurities, evidently arising from thionyl chloride, used for 
the preparation of the acid chloride, The keto-ester (XIII) was again condensed 
with the bromo-ketone (IV). The crude condensation product was reduced with zinc 
and acetic acid to yield (XVI) and/or (XXI). On alkaline treatment, simultaneous 
hydrolysis and ring-closure took place leading to the formation of the ketone (XVII) 
in 60% yield. It exhibited the characteristic. ultraviolet absorption, but there was a 
shift, although slight but significant, of the maximum towards the longer wave-length. 
This was hydrogenated to the saturated alcohol (XVIII), which on dehydration with 
phosphorus pentoxide yielded the hydrocarbon ‘X1X). On catalytic reduction, a satu- 
rated hydrocarbon (XX) was obtained, the infra-red spectra of which revealed consider- 
able divergence in the finger-print region, when compared with that of perhydroguai- 
azulene. 


Me Me Me 
3 
2 
Pr Me Py Me Py me 


(XVII: R=O) (XIX) (XX) 
(XVIII : R=< 6p) 


The unsaturated hydrocarbon (XIX) on dehydrogenation with palladium-charcoal 
catalyst (Plattner et al., Helv. Chim. Acta, 1949, 82, 2144 ; method 3) yielded a blue 
C,;-azulene. The trinitrobenzene complex showed a depression of m.p. of about 3°, 
when mixed with an authentic sample of the guaiazulene derivative (Plattner et al., 
ibid., 1949, 32, 2452). 


Me 
\ (XIID:R = H; R’ = CO,Et. 
As it (XIV):R = CO,Et ; R‘ = CH.Me CO,Et. 
4 (XV) :R = H; R’ = CH.Me.CO,H. 
ai (XVI,:R = CO,Et ; R’ = CH.Me CO.Me, 
(XXI):R = CO,Et; R’ = CH,COEt. 
Pr 


This has raised an important question regarding the location of the alkyl groups 
in the azulene template. It appeared highly improbable that the alkyl residues attached 
to the cycloheptane ring would exhibit any pronounced tendency to migration under 
these well-tried conditions of dehydrogenation. The remaining possibility might have 
arisen from the occurrence of the isomeric 3-methylketone along with the 5-methylketone 


7—1947 P—I10 


j 
‘ 


4 


(XIII) in their synthesis. 
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in (XVII), leading to the hypothesis that the C,,-azulene is mixture of s-guaiazulene 
and the isomeric 3 :4-dimethyi-7-isopropylazulene because the migration of the methy! 
group in the cyclopentane ring also appears less likely Curing dehydrogenation. 
Attempts at establishing the non-homogeneity of the ketone (XVII) through the forma- 
tion of a solid derivative like the semicarbazone, had to be abandoned: ‘The derivative 
was not only comparatively unstable but also the parent ketone (1) was a mixture of 
diastereoisomers, as had been revealed in a previous publication ‘Dutta, loc. cit.). (XVII) 
was presumably formed from the isomeric condensation product (XXI). A slight 
bathochromic shift of the ultraviolet maximum may also indicate the presence of the 
isomeric 3-methylketone in (XVII}, because the ultraviolet maximum (232mpz) may 
be the composite of two different chromophores and, hence, occupy an intermediate 
position. This phenomenon has frequently been noticed in the field of the sesquiter- 
penes (Biichi and Rosenthan, J. Amer. Chem. Soc., 1956, 78, 3860 ; Woodward and 
Yates, unpublished work on y-metasantonin). 

It may be mentioned here that Jacob and Sukh Dev (Chem. & Ind., 1956, 576) have 
published the synthesis of s-guaiazulene from the keto-ester (XIII) and: the a-keto-ester 
of Simonsen et al. (J. Chem. Soc.; 1035, 315) has also been utilised for the synthesis of 


EXPERIMENTAL 


(1-Carbethoxy-2-ketocycloheptyl)-acetone (Va).—An alcoholic solution of sodium 
ethoxide, prepared from sodium (2.5 g.) and alcuhol (40 c.c.), was added slowly to a 
solution of ethyl cycloheptanone carboxylate (20 g.) and bromoacetone (16.7 g.) in alcohol 
(50 c.c.) with thorough cooling in a freezing mixture and stirring during addition. 
After the addition was complete, the cooling bath was removed and: stirring was conti- 
nued for 2 hours more. Next day it was refluxed on the water-bath for 1 hour and 
finally diluted with water. The product was extracted with ether and fractionally 
distilled. The fraction (9 g.) boiling at 115-18°/0.35 mm was collected. On redistilla- 
tion it passed over at 119-22°/0.4 mm, yield 7.2g. (Found: C, 64.53; H, 8.4. CisHaoV. 
requires C, 64.9; H, 8.3 %). 

.1:2-cycloHeptano-A’-cyclopenten-4-one (VIa).—The above condensation product 
(1.5 g.) was dissolved in methanol (95 c.c.) and KOH (7 g.), dissolved in water (5 c.c.), 
was added. The solution was refluxed in an atmosphere of nitrogen for 20 hours. 
The reaction mixture was cooled and neutralised with HCl (dil.). Methanol was 
removed on the water-bath and the residue taken up in ether. On distillation of the crude 


product, the desired product {0.3 g.) was collected at 88°/o.3 mm. AM. 228 me 
(log ¢ 3.8). (Found: C, 79.8 ; H, 9.4. CieH,,0 requires C, 79 9 ; H, 9-4%!. 

The semicarbazone, prepared in the usual way, crystallised from methanol in thin 
flakes and the yellowish sample melted at 198-200° (decomp.) (lit. m.p. 220-22° ; 
224°). (Found: C, 63.8; H, 8.3. Ci:H,,ONs requires C, 63.7 ; H, 8.3.%). 

a-Bromocycloheptanone (VII).—cycloHeptanone g.) in CCl, (20 ¢.c.) was mixed 
with N-bromosuccinimide (16 g.) and the mixture was refluxed for about half-an-hour 
on the water-bath. On cooling, the solution was filtered, the solvent removed and the 
bromoketone ‘5.2 g.) was obtained, b.p. 113-15°/17 mm, (Found: C, 43.8; H, 5.8. 
C,H,,OBr requires C, 44.0 ; H, 5.8%). 


; 
Be 
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Ethyl 2-Ketocycloheptylmethylacetoacetate (V111).—Potassium (1.5 g.) was dissolv- 
ed in tert.-butyl alcohol '25 c.c.} and to this was added with cooling ethyl methylaceto- 
acetate (9 g.). The above bromoketone (6.8 g.) was then added dropwise to the cooled 
mixture. After 2 hours at room temperature, the mixture was refluxed for one hour 
and this was worked up in the usual way. The desired condensation product (2 g.) 
passed over at 117-20°/0.15 mm. (Found: C, 66.2; H, 8.6. C,H,.O, requires 
C, 66.1 ; H, 8.2%). . 

3(?)-(1’- Carbethoxy-2’-ketocycloheptyl)-buian-2-one (Vb).—To finely powdered 
sodium (0.9 g-) under benzene (20c.c.) was added ethyl cycloheptanone carboxylate 
(15 g.). The clear solution, so obtained, was cooled, and to this a solution of bromoethyl- 
methyl ketone (7 g.) in benzene (10 c.c.) was gradually added. Next day the mixture 
was refluxed for 3 hours. On working up the product, the following fractions were 
collected. Fraction (i): 85g., b.p. -75-80°/0.05 mm. Fraction (ii):. 4.5 g., b.p. 
110-20°/0.05 mm, 

The second fraction was refluxed for 3 hours with zinc dust (¢g.) in acetic acid 
(20 ¢.c.). On dilution with water, the oil was extracted with ether and the ethereal 
solution thoroughly washed with sodium bicarbonate solution and finally distilled. The 
desired product boiled at 108-10°/0.05 mm, yield 3.2 g. (Found: C, 66.3; H, 8.6. 
22.0, requires C,-66.1 ; H, 8.7%). 

1: 2-cycloHeptano-s (?)-methyl-A’- cyclopenten - 4-one. (Vib).—The above ester 
(1.7 g.) was dissolved in methanol (150 c.c.) containing KOH (9 g.) and the solution 
was refluxed in an atmosphere of nitrogen’for 24 hours, when it turned slightly yellow- 
ish. On acidification with acetic acid (12 c.c.), methanol was removed on the water-bath 
and the residue, left in the flask, was extracted with ether. Finally the ketone (0.7 g.) 
was obtained boiling at 83-86°/0.1 mm ; Aus. 229 mm tiog ¢€ 40). (Found: C, 79-9; 
H, 9.8. C,,;H,.O requires C, 80.4 ; H, 9-8%). ' 

The phenylsemicarbazone was prepared in the usual way, which on two crystallisa- 
tions from alcohol melted at 183-85°.* It turned yellowish on standing. (Found: C, 
72.4; H, 7.4. CysH23;ON; requires C, 72.7 ; H, 7.8%). 

Ethyl «-(1-Carbethoxy-2-ketocycloheptyl)-propionate (1X).—Sodium (1.2 g.) was 
finely powdered and taken under benzen< {20 ¢.v.) and to this ethyl cycloheptanone 
carboxylate (14 g.) was added. To the cicer soluti.n, so obtained, was added ethyl 
a-bromopropionate (10 g.)'in benzene (10 c-c.).. The mixture was allowed to stand over- 
night and finally refluxed for 4 hours, {t was diluted with water and the product extract- 
ed with benzene. The'required ester (12 g.)- was obtained boiling at 120-24°/0,1 mm. 
(Found : C, 63.5; H, 8.5. C,sH2sQs requires C, 63.3 ; H, 8.5%). 

a-(2-Ketocycloheptyl)-propionic Acid {X).—The above condensation product (12 g.) 
was mixed with baryta (30 g.) in methanol (20 c.c.) aud the mixture was refluxed for 
20 hours. After removal of methanol the residue was acidified and extracted with 
ether. ‘The acid (4.5 g.) was isolated by distillation. as a colorless viscous mass, b, p. 
at 128-30°/o0.2 mm. (Found : C, 64. 8 ; H, 8.6. Cross requires C, 65.1 ; H, 8.7%). 


The semicarbazone on repeated -crystallisations fiom aqueous alcohol melted at 
160-61°, (Found: C, 54.6 ; H, 7:9. Cirtl1sOsNa requires C, ‘54 7; H, 7.9%). 
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The ethyl ester, prepared through EtOH-H,SO, method, boiled at 84°/o 1 mw. 
(Found : C, 67.4 ; H, 9.1. Ci2H2.0; requires C, 67.8 ; H, 9.5%). 

Enol-lactone (XII).—The keto-acid (X, 1.2 g.) was refluxed for half-an-hour with 
thionyl chloride (2 c.c.) in benzene (5 c¢.c.) after standing at roon t:.nperature for 2 
hours. On removal of the low-boiling products, the yellowish residue passed over at 
110-30°/0.3 mm as a reddish yellow liquid ‘0.4 g.). It was decolorised with charcoal 
in an ethereal solution. On redistillation, it distilled as a slightly yellowish liquid at 
112-15°/0.2 mm. The colour deepened on standing for a few days. (Found:C, 71.8; 
H, 8.1. C,oH,,O, requires C, 72.2 ; H, 8.4%). 

Ethyl 2-Methyl-5-isopropylcycloheptanone-7-carboxylate (XIII).— Sodium (1.5 g.) 
was dissolved in double distilled alcohol (25 c.c.) and the solution cooled in a freezing 
mixture. Ethyl oxalate (11 g.) was then added andthe yellowish solution further 
cooled to -15°. Well-cooled methylisopropylcycloheptan: ne (8.4 g.) was added in two 
portions in the course of half-an-hcur. The yellowish solution was allowed to stand at 
-10° for 2 days. It was then poured into ice and HCl (dil.) and the separated oil was 
taken up in ether. ‘The ethereal solution was washed with sodium bicarbonate solution 
and finally with water. The residue left after removal of the solvent was slowly heated 
in vacuum (50 mm) after addition of boric acid (ro mg.), the temperature being raised 
from 130° to 170° in the course of 4 hours. Subsequently the temperature was raised to 
185°, kept at that temperature for half-an-hour, the pressure being adjusted to 30 mm. 
A yellow oil (8 g.) distilled at 160°/19 mm. On redistillation, it passed over at 163-67°)- 
19 mm or 105-107°/0.2 mm asa colorless oil, yield 7g. Ferric chioride coloration in 
alcoholic solution was greenish blue. (Found: C, 69.6; H,9.8. C,,H.,O; requires 
C, 69.9; H, 10.0%). 

Ethyl a-(1-Carbethoxy-2-keto-3-methyl-6-isopropylcycioheptyl)-propionate (XIV).— 
The above ester (4.8 g.) was added to sodium dust fo.5 g.} under benzene (20 c.2.). To 
the clear solution was added with cooling ethyl «-bromopropionate (6 g.) and the product 
worked up as before. The condensation product (5 g.) distilled at 135-40°/0.08 mm. 

(Found: C, 66.6; H,9.2. (C:,H;2,0; requires C, 67.0; H, 9.4%). 

a-(2-K eto-8-methyl-6-isopropylcycioheptyli-propionic Acid (XV}.—The above 
condensation product (5 g.) was hydrolysed with baryta (15 g.) in aqueous methanol 
(150 c.c.) as described before. The gummy acid (2.4 g.) boiled at 134-36°/0.03 mm. 
(Found: C, 69.6; H, 9.9. C,4H2O;3 requires C, 69.9; H, 10.0%). ~* 

3 (XV1I).—The 
B-keto-ester (XIII, 12 g.) was added to sodium dust (0.8 g.) under benzene (20 c.c.) and 
to the resulting solution bromocthylmethy] ketone (6 g.) in benzene (10 c¢.c.) was added 


with cooling. It was worked up as before and the following fractions weie collected : 


Fraction (i): b-p. 100-10°/0.03 mm. 
Fraction ‘ii): 3-2 g., b.p. 115-35°/0.03 mm. 
Fraction (iii): 1.5 g., b.p. 150-90°/0.03 mm. 

Fraction (ii) was again refluxed for 3 hours with zinc dust (3 g.) in acetic acid 
(15 c.c.) as befoic. The diketo-ester (2 g.) boiled at 120-22°/0.03 mm. (Found :C, 
69.6; H, 9.6. C,:HsO, requires C, 69.6 ; H, 9.7%). 


SESQUITERPENES AND RELATED SUBSTANCES 767 


1 (?)-methyl-A*-cyclopenten-4-one (XVII).— 
The above condensation product (2 g.) was refluxed for 24 hours with KOH (12 g.) in 
methanol (200 c.c.). On working up the product, the desired ketone (1 g.) was obtained, 
b.p. 98-100°/0.02 mm ; dz, 0.986; nv, 1.5087; [a], +32.3° (c =14.2 mg./c.c. in 
alcohol) ; Amex 232 mp (log ¢ 4.1). (Found: C, 81.4; H, 10.8. CisHa requires 
C, 81.7; H, 10.9%). 

1: 2-(3’.Methyl - 6' - isopropylcycloheplyl)-5(?)-methylcyclopentan-4-ol (XVIII). — 
The unsaturated ketone (1.5 g.) was shaken in an atmosphere of hydrogen in presence of 
Raney nickel (4 g.) in rectified spirit (20c.c.). It absorbed hydrogen (ca. 80 c.c. at 
30°/758 mm) in 10 minutes and iv two days the same amount was again taken up. The 
product was worked up and again reduced with sodium (0.5 g.) in alcohol (10 ¢.c.). The 
alcohol (1.3 g.) distilled at 98-100°/o.2 mm asa viscous mass. (Found:C, 79.8; H, 
12.5. C1;H2sO requires C, 80.2 ; H, 12.6%). 

1: 2-(3’Methyl - 6’ - isopropylcycloheptyl)-5 (?)-methylcyclopentene (XIX).—The 
alcohol (1.2 g.} was dissolved in petroleum ether (5 c.c.) and the solution was added toa 
suspension of P,O; (4.5 g.) under the same solvent (20 c.c.). The mixture was shaken 
overnight. The supernatant liquid was decanted off and the residue was decomposed 
with ice and extracted with ether. The combined ethereal solution was washed with 
solium carbonate solution and finally distilled. The hydrocarbon (0.8 g.) boiled at 
77-79°/o.1 mm, (Found: C, 87.3; H, 127. C,sH2. requires C, 87.3 ; H, 12.7%). 

1 :2-(3’ - Methyl- 6’ - isopropylcycloheptyl) - 5 (?)-methylcyclopentane (XX).—The 
unsaturated hydrocarbon (0.75 g.) was reduced in acetic acid (ro c.c.) in presence of 
platinum oxide catalyst. Reduction was complete in 15 minutes. The reduced product 
boiled at 117-20°/12 mm ; dz, 0.8779 ; nb, 1.470 ; [a] b*, + 11.8° (c= 11.7 mg./cc. in 
alcohol). (Found: C, 86.4 ; H, 13.4. C,sHos requires C, 86.4; H, 13.5%). 

C,5-Azulene.—The unsaturated hydrocarbon (XIX, 1.1 g.) was dehydrogenated in 
an electrically heated tube over palladium catalyst {10 g. asbestos and ro g. Pd/C, 10%), 
at 310-20° in the course of half-an-hour in a current of nitrogen. After the reaction 
was over, the catalyst was washed with petroleum ether. The crude product was dis- 
solved in petroleum ether and chromatographed over aluminia (15 g.). The first few 
fractions contained the colorless hydrocarbon, followed by an intensely blue solution which 
was collected. On evaporation of the solvent, a blue residue (15 mg.) was left behind. 
This was converted into a trinitrobenzene complex, which on crystallisation from alcohol 
melted at 149°. This was dried at roo:n temp2rature over calcium chloride in a vacuum 
desiccator for 4 days. (Found : C, 61.4; H, 5.1. Co:H,,0.N; requires C, 61.3; H, 5 1%). 

The mixed melting point with an authentic sample of guaiazulene-trinitrobenzene 
complex (m.p. 150°) was 146-47°. 

These experiments were carried out in the Chemical Laboratories of E.T.H. 
Zirich, Switzerland. T'!.e author places on record his grateful thanks to Prof, Plattner 
and to Dr. First for their kind help and encouragement and also for the laboratory 
facilities. Thanks are also due tothe University of Calcuttafor the award of a Ghosh 
Travelling Fellowship in Science. 
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‘ARCH FOR NEW AMOEBACIDES, PART II 


By C. N. Kacuru AND B. VArHAK 


of a- alkyl. -4 having substitution of methyl, ethy! 
n-propy!}, n-butyl and n- hexyl has been made by the reduction of the appropriate 2-alkyl-4 :5-dimethoxy 


oxime with sodium and absolute alcohol. 


+g 5 An-Part I (thie Joumel, 1957, 34, 611) we have described the synthesis of some §-(2- 
which are the outcomes of. hypothetical 
_opening in. the emetine, molecule at..certain points. If the opening in the.einetine 
_moleeule (I).is considered at other points, shown by the dotted lines ‘b’, a portion of 

the molecule transforms to the type of compound (II). It has been considered desirable 
te-synthesise such compounds having methyl, ethyl, n-propyl, 
-groups-for R, so that they may be tested for amoebacidal activity, 


n-butyl and n-hexyl 


Me 


| 
Meo R 


(Tl) 


These compounds have been synthesised by the route shown bclow. 
Meo” Meo” WNco.me Meo” “Nc 
{A) (B) - (C) 


Acetomethylveratrone (2: R=Me) was picpared by Harding and Weizmann ‘J. Chem. 
'Soc., 1910, 97, 1127) and by Fargher and Perkin (ibid., 1921, 119, 1724) by condensing 
‘yethylveratrole With acetyl chloride in pres: ace of anhydrous aluininium chloride in good 

“yield. Following the procedure higher m:mbers of 2-alky!-4 : 5- -dimethoxyacctophenone 
-{B) have been prepared, though not in good yields. It has been found that major portion 
"ofthe condensation product appears as a demethylated product. Methylation has been 
effected with dimethyl sulphate. Oximes (C) of these ketones on reduction with sodium 
-in absolute- alcohol in the usual manner wane resulted in good yields of the desired 


‘dinines (IT), 
“EXPERIMENTAL 


phenone oxime (Fargher and Parkin, loc. cit., 10 g.) was dissolved in dry alcohol and 


* Melting and boiling points are uncorrected. 


| A, OMe 

E 
a 

! 
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was reduced with metallic sodium (15 g.). The mass was cooled, acidified with HCl 
(conc.), alcohol was removed by distillation under reduced pressure and the residual 
solid was dissolved in water. Any unchanged mass was removed by extraction wi.h 
benzene. The aqueous layer was then made alkaline with NaOH solution and the 
separated amine was extracted withether. Ethereal extract was dried over KOH and 
the amine was distilled in vacuum, b.p. 158°-60°/5mm, yield 4 g. (43 %). The picrate 
was crystallised from alcohol as brown needles, n.p. 250° (decomp.). Its hydrochloride 
crystallised from ethyl acetate in colorless needles, m.p. r90-92°. (Found: C, 56.6; 
H, 7.7; N, 6.3- Cy,H:s0,NCI requires C, 57.0; H, 7.7; N, 6.1%). 

2-Ethyl-4:5 dimethoxyacetophenone (B: R=Et).—A mixture of ethylveratrole 
(A: R=Et) (42 g.), acetyl chioride {27 g.) and dry CS, (150 c.c.) was thoroughly cooled 
in an ice-bath. To this mixture AICI, (anhyd., 84g.) was added in portions with 
thorough shaking, and the mixture was kept at o° for 7hours. It was then warmed on a 
water-bath for half an hour. CS, was removed by distillation and the residual mass was 
decomposed by ice and water. The ketone was recovered in the usual manner. 
A portion underwent demethylation and it was remethylated with dimethyl sulphate. 
The ketone boiled at 140°/2 mm and solidified on cooling. It crystallised from alcohol 
in colorless prisms, m.p. 58°, yield 23 g.(43.7%). (Found: C, 69.35; H, 7.7. CisHysOs 
requires C, 69.2 ; H, 7.7%). 

2:4-Dinitrophenylhydrazone crystallised from alcohol in brown needles, m.p. 
176-77°. The semicarbazone crystallised from dilute alcohol in colorless needles, m.p. 
182-83°. (Found: N, 15.7. Cis:l1;,03;Ns requires N, 15.8%). 

2-Ethyi-4:5 dimethoxyacetophenone Oxime (C:R=Et).—A mixture of 2-ethyl-4 : 5- 
dimethoxyacetonhenone (13 g.), hydroxylamine hydrochloride ‘13 g.), sodium ccetate 
(26 g.) and water (25 c.c.) was dissolved in minimum amount of alcohol by heating and 
refluxed for one hour. On diluting with water, the oxime separated out as white 
needles. It crystallised from hot water in colorless needles, m.p. 95-96°, yield. 12 g. 
(Found : N, 6.4. C,2H,:O3N requires N, 6.3%). 

a-(2-Ethyl-4 : 5-dimethoxyphenyl)-ethylamine (II: R=Et).—The above oxime was 
reduced with metallic sodium in absolute alcohol in a manner described before. The 
amine boiled at 140 42°/3mm, yield 38.8%. The picrate crystallised from alcohol as 
brown needles, m.p. 255° (decomp.). The hydrochloride crystallised from 100% alcohol 
in colorless needles, m.p. 193-94°. (Found: C, 58.3; H, 8.2; N, 5.9. Ci:H0,;NCl 
requires C, 58.7 ; H, 8.13 N, 5.7%. 

2-n Propyl-4 : 5-dimethoxyacetophenone (B:R = n-Pr).—1-n-Propyl-3 : 4-dimethoxy- 
benzene (A: R=n-Pr ; 20 g.) was allowed to react with acetyl chloride (5 g.) in CS, 
(100 ¢.c.) at ice-cold temperature with the gradual addition of AICI, (anhyd., 40 g.) in a 
manner described before. The ketone boiled at 158°/4 mm, yield 13 g. (52%). It was 
a viscous liquid and did not solidify. The semicarbazone crystallised from dilute alcohol 
in colorless needles, m.p, 102°. (Found: N, 15.2. Ci4H2:O3N; requires N, 15.0%). 

2-n-Propyl-4:5-dimethoxyacetophenone Oxime (C: R = n-Pr).—The oxime was 
prepared In a manner as described before. On crystallisation from dilute alcohol it 
appeared as colorless sort prisms, m.p. 82°. (Found; N, 5.0. C,;H,.O;N_ requires 


N, 5.9%). 
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a-(2-n-Propyl-4 : 5-dimethoxyphenyl)-ethylamine (If: R= n Pr).—2-n-Propyl-4 : 5-di- 
inethoxyacetophenone oxime was reduced by metallic sodium in dry alcohol, as described 
before. The amine boiled at 160°/4 mm, yield 57%. The picrate crystallised from hot 
water as brown needles, m.p. 211°. The hydrochloride crystallised in colorless needles 
from absoiute alcohol, m.p. 206°. (Found: N, 5.5; OMe, 23.9. C,sH2,.0,NCI requires 
N, 5.4; OMe, 23.9%). 

2-n-Butyl-4 :5-dimethoxyacetophenone (B:R = n-Bu).—1-n-Butyl-4: 5-dimethoxy- 
benzene (A: R=n-Bu; 20 g.) was allowed to react with acetyl chloride (8.5 g.) in dry CS, 
(100 c.c ) at ice-cold temperature with the gradual addition of AICI, (anhyd., 4o g.). 
The ketone was recovered subsequently in the usual manner. The ketone boiled at 
175°/4 mm, yield 13.5 g. (55%). It did not solidify. (Found: C, 70.7; H, 8.8. 
C,,H2,O; requires C, 71.2 ; H, 8.4%). 

a-(2-Butyl-4 : 5-dimethoxyphenyl}-etkylamine (II: R = n-Bu).--The oxime of the 
above ketone (B; R=n-Bu) was prepared in the usual manner. ‘The crude oxime was a 
viscous liquid and it was reduced with sodium and absolute alcohol. The amine distilled 
at 160-62°/3 mm, yield 42% of the theoretical. 

The picrate crystallised from hot water as brown needles. 
200° and melted at 240° with decomposition. The hydrochloride crystallised in color- 
less needles from absolute alcoho!, m.p. 165-66°. (Found: C, 61.1, H, 8.93 N, ¢.2. 
C,4H.,0,NCI requires C, 61.5; H, 8.8; N, 5.1%). 

2-n-Hexyl-4 :5-dimethoxyacetophenone (B: R=n-Hex).—1-n-Hexyl-4:5-dimethoxy- 
benzene (A: R=n-Hex; 20 g.) was allowed to react with acetyl chloride (10 g.) in dry 
CS, (100 c.c.) at ice-cold temperature with the gradual addition of AICI, (anhyd., 30 g.). 
The ketone distilled at 162-65°/2 mm, yield 6 g. (25% of theoretical)» (Found : C, 72.1; 
H, 9.4. CisH2.O; requires C, 72.7; H, 9.1%). 

a-(2-n-Hexyl-4 :5-dimethoxyphenyl)-ethylamine (11: R = n-Hex).—The oxime of 
the above ketone (B: R=n-Hex), prepared in the usual manner, was obtained as a 
viscous liquid. The crude oxime was reduced with sodium and absolute alcoliol. 
After the reduction was over, the mass was acidified with HCl and the alcohol removed 


The residual mass on treatment with water left an insoluble 
It was found to be the amine 


It changed colour at 


under reduced pressure. 
solid which was filtered and washed with cold water. 
hydrochloride which was purified by crystallisation from hot water in colorless needles, 
m.p. 178°, yield 58% of the theoretical. (Found: C, 63.6; H, 9.5; N, 4.3- CasH2sO3NCI 
requires C, 63.7; H, 93; N, 4-6%). The picrate crystallised from alcohol as brown 
needles, m.p. 177-78°. 

The authors express their sincere thanks to Prof. A. K. Bhattacharya, Head of 
the Department of Chemistry, Saugor University as well as to Prof. B. C. Guha, Head 
of the Department of Applied Chemistry, Calcutta University, for providing laboratory 
facil‘ties during the course of the investigation. 
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DYES DERIVED FROM ACENAPHTHENEQUINONE. PART XII, 


By SisrrR Kumar GuHA AND ARUN KuMAR SINHA 


Acenaphthenequinone aud a few of its substituted products and also phenanthraquinone have been 
condensed with 4-chloro-3-hydroxythionaphthene. The colour and the dyeing shade of 2-(4-chloro)- 
thionaphthene-acenaphthylene-indigos, prepared now, have been compared with those of the correspond- 
ing compounds of the 5-, 6- and 7-chloro series, previously studied. The change in colour in relation 
to chemical constitution of the isomeric 4-, 5-, 6- and 7- chloro dyes of the acenaphthenequinone series 
has been established. 


In Parts VII, X and XI of this series (Guha, this Journal, 1930, 16, 127, Guha 
and Chatterjea, ibid., 1948, 25, 4290 ; Guha and Sinha, ibid., 1952, 29, 415), 2-(5-chloro)-, 
2-(7-chloro)- and 2-(6-chloro)-thionaphthene-acenaphthylene-indigos were prepared and 
a comparative study of their colour change was made. In this communication 2-(4- 
chloroj- thionaphthene-acenaphthylene-indigos have been prepared with a view to 
completing the study of the influence of a chlorine atom in all the four available positions 
4, 5,6& 7) of the thionaphthene ring of Ciba Scarlet G, Ciba Red R etc., and also for 
the purpose of comparing these isomeric (chloro) thionaphthene-acenaphthylene-indigos 
with those of the corresponding compounds of the isomeric (methyl) thionaphthene- 
acenaphthylene-indigo series, already studied from the point of view of the relation 
between colour and chemical constitution ‘Guha, ibid., 1933, 10,679; 1036, 18, 94 ; 
1938, 18, 20; 1943, 20, 37). 

4-Chloro-3-hydroxythionaphthene (Guha, Chatterjea and Sinha, this Journal, 1055, 
82, 777 ; cf. Dalgliesh and Mann, J. Chem. Soc., 1945, 900) was condensed with acenaph- 
thenequinone, its 3-chloro, 3-bromo and f-methoxy derivatives. The structure (I) 
represents the geueral constitution of the new series of thioindigoid dyes described here. 


These dyes of 4-chloro series are all soluble in pyridine, nitrobenzene and aniline and 
sparingly soluble in acetic acid, acetone, carbon tetrachloride and alcohol. They also 
dissolve in strong sulphuric acid producing deep green solutions which, when kept 
exposed to atmosphere, gradually absorb moisture and change to blue, violet and 
finally precipitates the original red substance. The parent compound and its 3’-chloro and 
3'-bromo derivatives imparted to cotton a pleasant bright red, red and deep red shad from 
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an alkaline hydrosulphite violet vat at 50°-60°, but the 1’-methoxy derivative, behaving 
similarly to the isomeric methoxy compounds of 5-, 6-, and 7- chloro series, offered resis- 
tance to reduction and imparted a pink shade only, even after prolonged attempt (cf. 
Guha, this Journal, 1952, 29, 787). 

A comparison of colour and the dyeing shades on cotton of compounds of this 
4-chloro series with those of 5-, 6- and-7-chloro series and also the joint study of the 
spectrophotometric measurements of some of the dyes:of the four isomeric chloro series 
(Figs. 1 and 2) indicate conclusively that the colour change is in the order :5-chloro 
dye > 4-chloro dye > 7-chloro dye > 6-chloro dye (Table I). This observation is 
similar to those of the isomeric 2-(4-, 5-, 6-, & 7-methy1)-thionaphthene-acenaphthylene- 
indigos. But here, the position of the mother compound, Ciba scarlet G, comes 
next to its 6-chloro derivative unlike its relationship to the isomeric (methyi) thio- 
naphthene-acenaphthylene-indigos (Guha, loc. cit.), 


In Tables I and JI, T denotes thionaphthene and AI denotes acenaphthylene-indigo. 


TABLE I 


Absorption maxima, 


Dyeing shade on cotton. 


‘Compounds, 


2-(5-Chioro) T-AI Dark red (with violet tinge) 5190 A 
2-(4-Chloro)T-AI Pleasant bright red 5120 
2-(7-Chloro) T-AI Red 5090 
2-(6-Chloro) T-AT Deep orange-red 5050 
2-T-AI (Ciba scarlet G) Scarlet-red 4775 


5250 A 


2-(5-Chloro)T-8’- (1’.methoxy)-AI Pink 
2-(4-Chloro) T-8’-{1’-methoxy)-AI Pink (lighter shade) 5160 
2-(7-Chloro) T-8’-(1 -methoxy)-AI Pink (do) 5140 


5100 


Faint pink 


Another thioindigoid dye, 
was prepared. It is soluble in nitrobenzene, aniline and pyridine and moderately soluble 
in benzene, toluene, xylene, glacial acetic acid and acetone. ‘The alkaline hydrosuljhite 
yellow vat of this compound was produced at 50-55°, from which cotton was dyed in 
uniform shade [cf. 2-(5-, 6- chloro)-thionaphthene - 9’ - phenanthrene-indigo ; Guha, 


loc. cit. Guha and Sinha, loc. cit.]. 
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*EXPERIMENTAL 


The thioindigoid dyes described in Table II were prepared in the usual manner by 
dissolving the molecular proportion of the constituents in glacial acetic acid and boiling 
for 20-30 minutes only with the addition of HCl (conc., 2-3 c.c.). These were filtered 
hot, washed with acetic acid, hot water and crystallised. 

The light absorption measurements in the visible region were determined in 
xylene solutions. 

One of the authors (S.K.G.) wishes to express his best thanks to Dr. K. D. 
Gode, M. Pharm., D. Phil and Professor N. Basu, M.Sc., D. Phil of the Dept. of 
Pharmaceutics, B.H.U., for helping with spectral measurements. 


SCIENCE COLLEGE, PaTNa-5. Received May 31. 1957. 


* Ajl m.p. s recorded are uncorrecied. 
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3-8-NAPHTHYL-2 : 4-THIAZOLIDIONE AND’ ITS DERIVATIVES 
By P. N. BHARGAVA AND M. NAGABHUSANAM 


3-B-Naphtbyl-2 :4-thiazolidione, prepared from s-di-8-naphthylthiourea and monochloroacetic acid 

n presence of glacial acetic acid along with concentrated HCI, has been condensed with eight aldehydes 

andthree aryldiazonium chlorides; its degradation products as well as characteristic reactions 
leading to various derivatives have been studied. 


Markley and Reid (J. Amer. Chem. Soc., 1930, 52, 2137) studied the secondary 
formation of 3-phenyl-2 : 4-thiazolidione along with the primary formation of 3-phenyl- 
2-phenylimino-4-thiazolidone, when s-diphenylthiourea was treated with monochloro- 
acetic acid in alcoholic medium. In view of the close relationship between thiazolidones 
and thiazolidiones and the reported uses of thiazolidone compounds as anaesthetics 
(Surrey, ibid., 1949, 71, 3105), amoebacidal agents (Surrey and Cutler, ibid., 1954, 16, 
578) and anticonvulsants (Troutman and Long, ibid., 1948, 70, 3436), it was considered 
worthwhile to prepare 3-8-naphthyl-2:4-thiazolidione in continuation to the earlier 
. work on 3-0-tolyl- and 3-p-tolyl-2:4-thiazolidiones and their derivatives by Bhargava 
et al. (this Jonrnal, 1955, 32, 463 ; 1956, 33, 596). Its properties, degradation products 
as well as characteristic group reactions have been studied. 


In the present investigation, the compound has been prepared by the interaction 
of s-di-8-naphthylthiourea and monochloroacetic acid in presence of glacial acetic acid 
{or absolute alcohol) along with strong hydrochloric acid. 


During studies on the effect of reaction conditions on the preparation of 3-8-naph- 
thyl-2 : 4-thiazolidione, the highest yield (36%) is obtained when 10 c.c. of glacial avetic 
acid per 6.5 g. of s-di-8-naphthylthiourea and 2.5 g. of monochlorcacetic acid are em- 
ployed and the time of reflux for ro hours is maintained. On increasing the period of 
reflux for more than 12 hours, a decrease in the yield is indicated owing to the decom- 
position and subsequeut resinification. 


The structure of the compound has been confirmed by the synthesis of 3-8-naph- 
thyl-2-8-naphthylimino-4-thiazolidone and its subsequent hydrolysis to 3-8-naphthyl- 
3 :4-thiazolidione in acid medium. . 

The compound, on boiling with potassium hydroxide solution, has yielded 8-naph- 
thylamine and thiolacetic acid, and on fusion with sodalime, S-naplthylamine, which 
has been identified by the preparation of its azo-8-naphthol derivative. 


The reactive methylene group of the compound has been successfully condensed 
with eight aldehydes and three aryldiazonium chlorides, forming respectively 5-aryli- 
dene- and” 5-arylazo-2 : 4-thiazolidiones. ‘The assumpticn that the azo group is attached 
to the thiazolidione nucleus in position-5 is based on the observations of Bogert and 
Chertcoff (J. ‘Amer. Chem. Soc., 1924, 46, 2864 ; Proc. Nat. Acad. Sci., 1924, 10, 418). 
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They obtained dyes by coupling diazotised p-nitroaniline and sulphanilic acid with 
2-aminothiazole, from which they concluded that the azo group was attached to posi- 
tion-5 of the thiazole nucleus. On account of the close relationship among thiazole, 
thiazolidone and thiazolidione, similar behaviour is also expected in the case of the 
present thiazolidione. 

Further, on oxidation with potassium permanganate in glacial acetic acid according 
to Turner et al. (J. Amer. Chem. Soc., 1932, 64, 1986), 3-8-naphthyl-2 : 4-thiazolidione 
sulphone has been obtained, as established by analytical data corresponding to the 
addition of two atoms of oxygen to the thiazolidione. 


EXPERIMENTAL 


3-B8-Naphthyl-2 : 4-thiazolidione.~-A mixture of s-di-8-naphthylthiourea (6.5 g.), 
monochloroacetic acid (2.5 g.) and glacial acetic acid (10-15 c.c.) along with HCl 
(conc., 5-10 c.c.) was refluxed on a water-bath for 3-12 hours and then allowed to cool. 
Addition of water in moderate excess gave a white precipitate and a resinous mass. 
The precipitate was separated by boiling the solution and filtering through a hot water 
funnel. When the clear solution was cooled to room temperature, 3-8-naphthyl-2 : 4- 
thiazolidione was reprecipitated. This was allowed to settle, filtered and crystallised 
from hot water. The product was found to melt at 181°. A series of experiments 
were carried out by varying the time of reflux, but the highest yield obtained was 36%, 
when the time of reflux was 10 hours, On increasing the time of reflux to more than 12 
hours, the product decomposed and resinified. (Found: N, 5.68 ; S, 13.26. C,;H,O,NS 
requires N, 5.76; S, 13.17%). It is soluble in hot water but insoluble in cold 
water. It is readily soluble in glacial acetic acid, alcohol, benzene and toluene in cold. 


Decomposition with KOH into 8-Naphthylamine and Thiolacetic Acid.—Thiazolidi- 
one (1 g.) was boiled under reflux with 40% KOH (soc.c.) on a water-bath for 2} 
hours. After the reaction, it was cooled, filtered, washed with water and dried, On 
crystallisation from alcohol, the substance corresponding to f-naphthylamine melted 
at 110°. It was finally confirmed by the preparation of its azo-8-naphthol derivative, 
m.p. 174°. 

The filtrate on neutralisation with acid exhibited a transient blue colour with FeCl, 
and purple colour with dilute sodium hydroxide and sodium nitroprusside, characteristic 
of thiolacetic acid. 

 -3-B-Naphthyl-5-benzyl.dene-2 : 4-thiazolidione.—A mixture of thiazolidione (0.5 g.), 
dissolved in glacial acetic acid (io c.c.), benzaldehyde ‘2 c.c.) and fused sodium acetate 
(1.5 g.) was heated under reflux in an oil-bath at 140-50° for 3} hours. The contents 
after the reaction solidified as a colorless cake. It was filtered, washed with water, gla- 
cial acetic acid and alcohol, and dried. On crystallisation from glacial acetic acid, 
colorless crystals we:e obtained. 

Similarly other aldehydes were condensed yielding 5-arylidene derivatives. The 
properties and analytical data are recorded in Table I, 
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TABLE I 


3-B-Naphthyl-5-arylidene-2 : 4-thiazolidione. 


No. Nature of aldehyde % Yield, Colour. M.P. % Sulphur. 
condensed, Found. Cale. 
1. Benzaldehyde 75 C. lorless 229° 9.59 9.67 
2. Salicylaldehyde 55 Brown 236° 9.10 9.22 
3. p-Chlorobenzaldehyde 82 Greenish 253° 8.67 8.75 
yellow 
4. p-Nitrobenzaldehyde €0 Brownish 260° 8.42 8.51 
yellow 
5. Anisaldehyde 62 Pale yellow 174° 8.82 8.86 
6. Piperonal 90 Grey 219° 8.57 8.53 
7. Furfural 45 Black 280° 9.86 9.91 
(dec: mp.) 
8. Cinnamaldehyde 42 Yellow 210° 9.04 8.96 


3-B-Naphthyl-5-0-tclueneazo-2 : 4-thiazolidione.—o-Toluidine (6c.c.) in HCI (conc., 
20 ¢.c.) was diazotised with an aqueous solution of sodium nitrite (20 c.c.) and to this 
a solution of thiazolidione (x z.) in glacial acetic acid (20 c.c.) was slowly added at o° 
while stirring and was kept in an ice-bath for 1 hour. The precipitate formed was 
filtered, washed with water and alcohol. On crystallisation from alcohol orange-red 


crystals were obtained. 

Similarly, the thiazolidione was condensed with benzenediazonium chloride and 
p-toluenediazonium chloride. The properties of these compounds and their analytical 
data are reported in Table II. 


Tasie IT 
3-B-Naphthyl-5-arylazo-2 : 4-thiazolidione. 
No. Diazonium chloride Colonr. M.P. % Sulphur. 
ofamines. Found. Calc. 
I Aniline Deep brown 154° 9.31 9.26 
2 o-Toluidine Orange-red 173° 8.34 8.86 
3 b-Toluidine Light yellow 210* 8.37 8.86 


3-B-Naphthyl-2 :4-thidzolidione Sulphone.—3-8-Naphthyl-2 : 4-thiazolidione g.), 
dissolved in glacial acetic acid (10 c.¢.), was treated slowly with KMnO, (1 g.), dissol- 
ved in water (40 c.c.) ato°. After the reaction, excess of permanganate was removed 
by treatment with sodium bisulphite. The sulphone was filtered, washed with ice- 
water, dried and crystallised from alcohol into a colorless form, m.p. 176° (decomp.). 
Found :S, 11.79. C,;H,O,NS requires S, 11.64%). 
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SHORT NOTES 


PREPARATION OF THORIUM JELLIES WITH PYRIDINE BASES 


By SATyA PRAKASH AND Y. N, CHATURVEDI 


For the first time Prakash and Dhar (this Journal, 1929, 6, 587) reported the 
formation of thorium molybdate, arsenate and phosphate jellies, by metathetical 
reactions, Subsequently Prasad (ibid., 1936, 18, 128) also obtained thorium phosphate 
jelly by peptising thorium hydroxide with phosphoric acid, and dialysing the sol. 
Later on, Mushran (Nature, 1946, 158, 95) prepared thorium borate jelly from thorium 
nitrate and borax solutions. Attempts have been made to prepare thorium hydroxide 
jelly, but not with much success, though thorium hydroxide sol has been investi- 
gated in details. We have now been able to prepare a jelly of hydrous thorium 
oxide by using pyridine and 2-aminopyridine as bases. 

The jmethod of preparing this jelly consists in treating known amounts of 
thorium nitrate solution with varying amounts of pyridine or 2-aminopyridine, diluted 
with requisite amounts of water in order to keep the total amount the same in each 
case. The contents are shaken to get a homogeneous mixing. A clear solution is 
first obtained, which soon develops opalescence, and becomes viscous on standing. 
In case the concentrations of the constituents are favourable, firm translucent jellies 
are obtained. These are stable, uniform in texture and undergo a little syneresis on 


long standing. 

The best jellies with pyridine were obtained when 5 c.c. of thorium nitrate 
solution (concentration being approximately 5% by weight corresponding to 22.74 g. 
of ThO, per litre) was mixed with 1.9 to 3.1 c.c. of 10% pyridine solution. The 
total volume kept each time was 10 c.c. In case of jelly formation with 2-amino- 
pyridine, the best jellies were obtained when 2.9 to 3.1 c.c. of 2-aminopyridine solution 
(concentration being approximately 5% by weight) was used against 5 c.c. of 5% 
approximately thorium nitrate solutions under conditions similar to above. 


It will be interesting to note that the best jellies are obtained between the px 
range 5.6 and 6, with pyridine as well as aminopyridine. But if the same ps range 
is attained by using am nonia or alkali hydroxides, no jellies are formed, these reagents 
affording only partial gelatinous precipitates, 
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EFFECT OF AZOTOBACTER ON FIXED NITROGEN 
By As Azim AND Moup SHAFI 


In previous communications (this Journal, 1957, 34, 344, 551) it has been observed 
that only those compounds are utilised by Azotobacter vinelandii which are 
reduceable to ammonia. In order to confirm this further, the utilisation of ammonium 
borate, acetamide, dimethylamine, benzamide, acetanilide and antipyrine has been 
investigated. 

The flasks containing equal volumes of identical solutions of’ sterile medium 
inocculated with a culture of A. vinelandii containing 10° cells per 25 c.c. were kept 
at 30° and made 107*, 10°* or 10~*M with respect to the substrate by the addition of 
a suitable volume of the concentrated substrate solution. A known volume of the 
test solution was withdrawn at intervals and analysed by the usual colorimetric methods. 


‘Ammonium Borate-—Ammonium sulphate was shown to be utilised (Biochim. 
Biophys, Acta, 1955, 18, 363) but the utilisation stopped after a certain stage due 
to the liberation of H,SO, which arrested the bacterial growth. Therefore ammonium 
borate, a salt of a weak acid, was tried to see if it could be completely utilised. Two 
concentraticns of ammonium borate were studied (10°7M to 10°°M). The amount 
of the substrate was estimated colorimetrically in samples withdrawn at. intervals 
with Nessler’s reagent; for the more concentrated solution the method gave 
satisfactory results, but with more dilute solutions the colour did not develop. It 
was observed that ammonium borate, just like other ammonium salts, was utilised after 
a certain lag period (Table I). 

Acetamide.—Acetamide being acidic in aqueous solution was dissolved in 
phosphate buffer (KH,PO, and K,HPO,' to adjust its px to 7.2-7.4, being the condition 
for optimum growth of azotobacter. The concentrations of the amide studied were 
10} toro™*M. The concentration of the amide was determined colorimetrically in 
samples withdrawn at intervals with hydroxylamine sulphate, followed by the addition 
of ferric chloride solution in HCl. Acetamide was found to be utilised after a certain 
lag period. 

Diethylamine.—The concentrations studied in the present work ranged from 
10~'M to 107~°M as there was no colour developed with the lower concentrations. 
The concentrations of the amine were determined colorimetrically in samples 
withdrawn at intervals with 1% solution of sodium nitroprusside, followed by the 
addition of acetaldehyde. The amine was not utilised by the bacteria as it was found to 
be toxic at these concentrations. 


Benzamide.—Benzamide being in aqueous solution was dissolved in phosphate 
buffer (KH,PO, and K,HPO,) to adjust its px to 7.2. Three concentrations of the 
amide studied ranged from 10~* to 1o-°M. The amount of the benzamide was 
estimated colorimetrically in samples withdrawn at intervals with an alkaline solution cf 
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hydroxylamine sulphate, followed by the addition of acidified ferric chloride which 
developed a violet-red colour. It was observed that the benzamide was not utilised just 
like other aromatic organic compounds. 


Acetanilide was also tried in concentrations ranging from 107’ to 107°M and it 
was observed that it was not utilised by the bacteria. 


Taste I 
% Utilisation. 


Time. Ammonium borate. Acetamide. 
10°3M. 107*M. 101M, 

o hr. 

1 

2 eee 

3 5 

4 23 . 

§ 39 

6 56 

7 73 

t 86 

100 
10 nh 
II 25 
12 on 38 
13 eve 50 
14 eco 64 
15 eee 78 eos 
16 ove 93 ove 
19 ° 
20 8 
22 23.0 ° 
24 42.0 
25 5.0 
26 58.0 occ 
28 76.0 28.0 ° 
29 5.0 
30 94.0 42.0 12.0 
31 one 100.0 18.0 
32 eee ove 58.0 
33 one 32.0 
34 eee 70.0 
35 cee 44.0 
36 we 84.0 
37 ove eee 54.0 
38 ° 100.0 eee 
41 80.0 
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‘Antipyrine was tried in concentrations ranging from 107°M to 10°*M. The 
concentrations at various intervals of time were determined colorimetrically by adding 
1% ferric chloride solution. It was observed that even after 48 hours there 
was no sign of its utilisation by the bacteria and at the same time it was not found 
to be toxic. 

Asa result of all the above experiments it has been observed that the ammonium salts 
are utilised but the aromatic compounds containing CONH, in the nucleus or the 
side chain are not utilised by the A.° vinelandii even if they are not toxic. This 
confirms the view that only those nitrogenous compounds are utilised which are 
reduceable to ammonia, which indirectly points to the conclusion that ammonia is the 
intermediate product in ntrogen fixation. 
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Dr. PRAFULLA CHANDRA MITTER 
Bron: 1882. Died: July 12, 1957. 


The death of Dr. Prafulla Chandra Mitter on r2th July, 1957 at the age of 76 years, 
has removed from “amongst us one of the most successful teachers in chemistry. In 
him we found an effective combination of those virtues that are essertial for success as a 
teacher as well as a researcher. His researches embraced a variety of fields of organic 
chemistry, namely, anthraquinones, pyrimidines, imminazoles, flavones, isoflavones, 
naturally occurring coloring matters and long-chain fatty acids, and in each of them he 
made significant contributions. His investigations on the synthesis of munjistin and 
aloeemodin and his experiments on the transformation and synthesis of aleuritic acid 
deserve special mention. 

But greater still was he as a teacher. His class lectures were lucidity itself. Not 
only did he promote research and scholarship through his own researches and teaching, 
but he also inspired, and offered exemplary freedom to, generations of his students and 
collaborators to think on their own and to initiate independent research of higher order 
through their own efforts. Thus we find to-day many of the professorial chairs in organic 
chemistry all over India occupied with distinction by his students who received their 
initial training and inspiration in his laboratory. Apart from the academic and educa- 
tional profession, many of his students are to-day in important and key positions in 
various Government and Industrial research establishments. This is no mean achieve- 
ment, and if the success of a teacher is measured by the success of his students, Dr. 
P. C. Mitter probably ranks second to none but the late Acharya P. C. Ray. He was 
himself a student of the Acharya whom he succeeded in 1937 as Palit Professor and 
Head of the Department of Chemistry of the Calcutta University. A worthy pupil indeed 
of a great Master! 

Dr. P. C. Mitter had unusual flair for languages and was conversant with all the 
important languages of Europe. Even after his retirement in 1946 from the chair of 
Palit Professor and Head of the Calcutta University Chemistry Department, he mastered 
the Russian language with the help of alinguaphone. The intimate knowledge of more 
than half a dozen languages and their literature probably accounts for his wisdom, 
cultured demeanour and witty conversation. 

Bron in 1882, Prafulla Chandra Mitter graduated from the Presidency College, 
Calcutta and obtained his Ph. D. degree in 1912, working under the guidance of 
Professor Carl Lieberamann in Berlin University. He joined the Calcutta University 
Chemistry Department in 1916 as its Ghosh Professor and was primarily responsible 
for the planning of the majestic building of the University College of Science and Techno- 
logy in Calcutta. 
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Dr. P. C. Mitter was actively associated wit]. the most of the scientific Societies and 
organisations in India. He was Treasurer of the Indian Science Congress Association 
and the Indian Science News Association and a member of the Indian Research Fund 
Association. He was a Fellow of the National Institute of Sciences of India. 


As a Foundation Member of the Indian Chemical Society, Dr. P. C. Mitter had served 
the Society since 1924 in various capacities, e. g., Council Member, Honorary Treasurer, 
Honorary Secretary, Vice-President, Associate Editor and a Member of the Publication 
Committee. 


Indian Science owes much of its development to his pioneering work, 
S. M. Mukherji. 


GANESH CHANDRA MITTER 
Born: August 1, 1897. Died: February 10, 1957. 


Ganesh Chandra Mitter was born in a very respectable and well-known Kayastha 
family of Howrah District, Bengal. He obtained his B.Sc. degree with First’ Class 
Hons. in Chemistry from the St. Xavier’s College, Calcutta in 1918 and M.Sc. degree 
in 1920, having stood first in Chemistry from the University Co'lege of Science, Calcutta. 
He was awarded the Sir Rashbehari Ghosh (Post-graduate) schoiarship during 1921-1922. 

In 1922 he was appointed Deputy Assay Master (Govt. of India), being the first 
Indian to hold the post in the Bombay Mint. Later he was promoted to the office of 
the Chief Assayer of the Indian Mints (1932-1947). During this period the most out- 
standing events were firstly, the unprecedented export of gold which was successfully 
tackled in the Assay Office under his control, and secondly, the introduction of Qz-alloy 
coinage, the metallurgical assay of which was vested in the Assay Office, and thirdly, 
the colossal coinage programme during the war years, record of which in volume stands 
only second to that of the Phiiadelphia Mint. During 1947-1952 he held the office of 
the Chief Technical Adviser (Ministry of Finance, Govt. of India). During this period 
the important work entrusted to him was investigation and planning of a Silver Refinery 
capable of recovering silver froin the Quarternary alloy coins so that the 225 million 
ounces of Lend/Lease silver might be returned to the U.S.A. Since 1952 till his death 
he held the office of the Master, Assay Department and was entrusted with the work 
of setting up of the Silver Refinery at the Old Calcutta Mint, 47 Strand Road, Calcutta, 
which would work a new process of which he had been a joint inventor. 

He devoted considerable time in the researches on the alloys used in minting currency 
coins and obtained several patents. 

He was a inember of the Advisory Board of the Royal Institute of Sciences and 
Victoria Jubilee Technical Institute, Bombay anda member of several scientific and 
technical committees of C.S.I.R. and of ‘different Ministries and Departments of the 
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Govt. of India and Bombay respectively. He wasa Fellow of the Royal Institute of 
Chemists and of the Indian Chemical Society ; a Member of the Institute of Metals 
(London) and a Fellow of the National Institute of Sciences of India. He was also a 
Member of the American Electrochemical Socieyy and American Institute of Metallurgical 
Engineers. He was President, Bombay Metallurgical Society, 1949-50; Vice-President, 
Indian Institute of Metals, 1951, and President, Indian Institute of Metals, 1954. 


He published several papers on analytical and electrochemistry and was the author 
of a valuable treatise entitled ‘Standard Weight and Its Verification’’ (published by 
Thacker & Co., Bombay, 1945). He wasa joint author of the Report on the Establish- 
ment of Electrolytic Copper Refinery (1953). 

He expired on roth February, 1957, after a sudden attack of Coronary Thrombosis, 
the Silver Refinery Project being at its erection stage at the time, leaving behind his 
widow, three sons and three daughters, 


B. K, Bose. 
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JAQUET DROP COUNTER 


“Designed by Prof. E. ROTHLIN. 


THE INSTRUMENT CONSISTS 
OF THE FOLLOWING PARTS 


1. ACOLLECTING DISH WITH 
PICK-UP. 


2. AN AMPLIFIER. 


3. AN ELECTRIC IMPULSE 
OPERATED SIGNAL MAKER. 


4. AKYMOGRAPH WITH 
BUILT IN CONTACT - - 
BREAKER DESIGNED BY ~~ 
PROFESSOR FLEISCH. 


THE UNIT IS OPERATED 
FROM A 220 VOLTS 50 ¢/s 
LIGHTING CIRCUIT 


* 


SOLE AGENTS IN INDIA 


GORDHANDAS DESAI PRIVATE LTD. 


SIR MEHTA ROAD, BOMBAY-1. 


Branches : 
P-1, Mission fol Extension, 5/2, Jwala Mansion, Asaf Ali Road, 22, Linghi Chetty Street, 
‘CALCUTTA 1. NEW DELHI. MADRAS i. 


S.P./GD/68 
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SPECIALLY MADE 


Apparatuses 
For 


* BOILING POINT TEST 
* FREEZING POINT TEST. 
* ARSENIC TEST. 


B. P. (1953) Standard. 


Please Enquire to 


Phone : East 4411. 


SCIENTIFIC GLASS APPARATUS MFG, CO. 


11/2 Harinath Dey Road, Calcutta-9 


BOROSIL 


LABORATORY GLASSWARE 


such as 
FLASKS, BEAKERS, CONDENSERS, MEASURING 
FLASKS, MEASURING CYLINDERS, PIPETTES & 
ANY SPECIAL APPARATUS MADE TO DESIGN 
and 


PENICILLIN VIALS, VACCINE BULBS—WHITE 
& AMBER 


ALL OTHER APPARATUS & EQUIPMENT 
MANUFACTURED TO CLIENT'S DESIGN 


INDUSTRIAL & ENGINEERING 


APPARATUS CO. PRIVATE LTD. 


CHOTANI ESTATES, PROCTOR ROAD 
GRANT ROAD, BOMBAY 7. 


DO YOU KNOW 

Sigcol Index combines three in one ? 
Behind tvery Index beaker and flask 
youcan see long experience backed by 
scientific research. Index is a symbol 
of guarantee for laboratory work. It is 
* Resistant to Chemical reagents 
Resistant to mechanical shocks 
* Resistant to héat (coefficient of expan- 
sion is only 3.4 10-6), 

"Sole Distributors : 
—- GHARPURE & CO 
P-36, Royal Exchange Place Extn. 

Calcutta | 
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For Laboratory Reagent Quality Acids 
To Precise 
Acid Sulphuric Acid Nitric Acid Hydrochloric 


H,S0,:98% w/w HNO,:60.8% w/w  HC1:35.30% w/w 
Sp. gr. 1.840 at 15°. Sp.gr. 1.420 at 15°. Sp. gr. 1.18 at 15°. 


Maximum Limits 


of Impurities: 


Non-Volatile Matter : 0.0025 % 0.001 % 0.0015 % 
Chloride (C1) : 0.0003 % 0.0001 % _ 
Free Chlorine (C1) : 0.0002 % 
Nitrate (NO,): 0.00002 % 
Iodate (10,) : 0.0005 % _ 
Sulphate (SO,) : 0.0003 % 0.0003 % 
Heavy Metals (Pb) : 0.0002 % 0.0002 % 0.0002 % 
Tron (Fe): 0.0001 % 0.0001 % 0,0001 % 
Arsenic (As,O,) : 0.00001 % 0.05 part b.04 patt 
3 per million per million 

Ammonie (NH;): 0.0005 % 
Oxygen Absorbed (0) : 1.0001 % 

We invite orders and enquiries, 

Write us about your requirements 

for other reagent quality chemicals. 


Bengal Chemical & Pharmaceutical Works, Ld. 
CALCUTTA :: BOMBAY KANPUR 
Office: 6, Ganesh Chunder Avenue, Calcutta-13 
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FOR RAPID & ACCURATE CHEMICAL ANALYSIS 
USE 
TINSLEY 


POLAROGRAPH (with derivative circuit) 


Here are some advantages : 


* MICRO ANALYSIS 
* HIGH SENSITIVITY 
* QUALITATIVE AND QUANTITATIVE ESTIMATION 
, * SIMULTANEOUS ESTIMATION OF SEVERAL CONSTI- 
TUENTS ON ONE POLARUOGRAM 
* ADAPTABILITY : ANALYSIS OF METALS, ORGANIC & 
INORGANIC SUBSTANCES ON THE SAME SAMPLE 
* REPEATED ANALYSIS 
* SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED 
STAFF 
* ROUTINE ANALYSIS WITH SPEED AND ACCURACY 


For further particulars, please contact Sole Agents in India 


PIONEER EQUIPMENT CO. PRIVATE LTD. 


1, Mango Lane, Dalhcusie Sq., 139, Medows Street, 193, Mount Road 
CALCUTTA-1. P. O. Box. 1909, BOMBAY-1. MADRAS-2z. 


* FOR YOUR REQUIREMENTS 
OF ALL KINDS OF EQUIPMENTS FOR RESEARCH * 


RAJ-DER-KAR & CO., 


231, HORNBY ROAD, FORT, BOMBAY-1 


Telephone : 26-2304 
Telegram : ‘TECHLA 


A few of our Agencies : 


* LUDWIG SEIBOLD, Austria, *Ww.A. TAYLOR & CO., U.S. A. 
For px Testers, Titrators, For px Comparators, Indicators, 
and Recorders etc. Water Analysers etc., 
EASTMAN KODAK; U.S. A., * TRACERLAB Inc., U. S. A., 
For All Sorts of Complex For Radiochemicals & Equipment 
Organic Chemicals. for Nuclear Research. 


Vill 


at 
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Phone—34-3176. Telegrams—Nadiachemi, 


NADIA CHEMICAL WORKS PRIVATE LTD. 


C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA 


Manufacturers of :— 


1. CHEMIC A.LS—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and Inorganic 
compounds and other fine Laboratory Chemicals. 


2. STILLS for distilling Essential Oils, Alcohols, 
Water, etc. 


RECTIFIERS, CONDENSERS, &c. 


3. OVENS, Baths &c for Gas, Oil or Electric heatings. 


4. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


5. MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 
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( AVAILABLE FROM. READY STOCK 


** AEROGEN GAS PLANT 

** GERMAN IKA LABORATORY STIRRERS 
** CAMBRIDGE BENCH PATTERN pH METER 
** CAMBRIDGE ELECTRODES (ALL TYPES) 


**-QUICKFIT & QUARTZ GROUND GLASS 
JOINT ASSEMBLIES 


** EVERYTHING IN PYREX AND GERMAN 
GLASSWARE 


Direct your enquiries to: 


LABORATORY 
FURNISHERS 


DHUN MANSION, VINCENT ROAD, 
{[DADAR, BOMBAY 14. 


. Grams: Phone : 
‘LABFURNISH‘ 62761. 
BOMBAY-DADAR. 


Branch: AHMEDABAD. 


MADE IN INDIA 


HIGH VACUUM ROTARY PUMP 


Single Stage & Two Stage 


Suitable for Laboratory use and 
similar in performance to those made 


ng Germany, England & U. S. A. 


All Indian Materials 
and Constructions. 


BASIC & SYNTHETIC CHEMICALS PRIVATE LTD 
P.O. Jadavpur College, Calcutta-32 


PLANTS 
HEATING 


IN 
LABORATORY 
INDUSTRY 
KITCHEN 


GANSONS 
PRIVATE LIMITED. 


P.O.B. 5576, BOMBAY.14. 
——Also makers of—— 
Superior Laboratory Fittings 
Atomic Equipments. 


FOR 


For 
LABORATORIES 
GAS SUPPLY 


chee 


MANSFIELD OIL GASCO.L° 


6, RADHANATH CHOWDHURY ROAD, CALCUTTA 
Branch—30t, LINGHI 


ae 
e 
H 
: Gas |: 
must fora modern > * 
3 Laboratory and 
| tories & Industrial cone 
Specialitics—Pitting of Oil Gas plants; Supply of 
Science Laboratory Equipments, Furniture & Wood 
, work of all descriptions. 
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Laboratory Chemicals §& Reagents 


TD 
of a wide range are manufactured by us under expert 

“il supervision to ensure guaranteed standard & reliability. 


A selection from our range : 


Acetone 

Acid Acetic glacial 99-100% 

Alcohol Amyl 

Alcohol Methyl 

Barium Carbonate 

Barium Chloride THE CALCUTTA 

Benedicts’ Solution CHEMICAL CO., LTD. 

Benzene HEAD OFFICE: 35, Panditia Road, 
Calcutta 29. 

Carbon Tetrachloride BRANCH neat DEPOTS AT: 

Lead Acetate Delhi, Madras, Bombay, Bangalore, 

Liquor Ammon Fort (24/27%) nati, 


Magnesium Sulphate XL Siliguri. . 
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_ Analytical 
Reagents 


Indicators 


Quality of Reagents 


vg acc, to State Standard, 
English Edition, 1955. 


For information 


Please Apply to the 
Representative : 


BHAKTA KINI & Co., 


202, Girgaum Road 
BOMBAY-4. 
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WAAT’SNEWIN “QUICKFIT”? 


QUICKFIT SEMI-MICRO ORGANIC PREPARATION SETS 
WITH SEMI-MICRO STIRRER. 
1. They are strong, safe and compact and always 
ready for use 
2. They save you chemicals, gas, filter paper, space 
and above all time. 

3. The Stirrer is suitable for fitting directly to the 

25mm reaction flask and can be driven by vacuum 


pump, compressed air or water. 


ACCREDITED DISTRIBUTORS 


UNION SCIENTIFIC SYNDICATE 


DEVKARAN MANSION, 71, PRINCESS STREET 


BOMBAY 2 
Tel : 28465 Gram : ‘PETROLIUM 


XII SP/UNI/3 
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PROGRESS IN 


CHROMATOGRAPHY 4 


Column of 


COLUMN CHROMATOGRAPHY 

, USING CELLULOSE POWDER 
One of the most useful features of filter paper 
chromatography is the minute scale on 
which separation can be effected. Described 
below is an extension of the principle for 
applications in which the separation of larger 
quantities is desirable. 
In this method Whatman “‘Ashless”’ or 
“B - Quality” Cellulose’ Powder is packed 
into a tube, usually of glass. Because of the 

ater mass of cellulose per theoretical plate 
compared with paper) a greater amount of 
mixture can be applied. Introduced into the 
top of the column, this mixture is followed 
by a solvent which percolates through the 
column. The components are carried with 
it, but at different rates; thus separated, they 
are collected in successive fractions at the 
bottom of the tube. 
Column Chromatography has made most 
rapid progress in the inorganic field, but 
interesting organic applications have also 


been pub 


DETERMINATION OF URANIUM 
IN ORES AND MINERALS 

The simplicity and flexibility of Column 
Chromatography are demonstrated by this 
established analytical technique. 
The sample is converted into nitrate form by 
fusion and treatment with acid. Powdered 
cellulose is added to a few millilitres of the 
dilute solution and the whole is introduced 
into the top of the column to form a homo- 
geneous continuation with the original 
cellulose. 
A solvent consisting of nitric acid in ether is 
applied continuously to the top of the 
column, until the uranium has been com- 
pletely isolated as a pale yellow band at th: 
bettom. 
Uranium can be quantitatively separate 1 
from many complex materials by this 
method in a state of absolute purity. Similar 
methods are used in many other types of 
inorganic analysis. 


Now that you have read this report it may occur to you that Chroma- 
tography can help you in your research, or production programme. 
If so, our long experience in this specialised field is at your full 
disposal. Discuss the possibilities of Chromatography with 

H. REEVE ANGEL & CO. LTD. 
9 BRIDEWELL PLACE, LONDON, E.C.4. 


H.REEVE ANGEL & CO. LTD 


9. BRIDEWELL PLACE 


ALSO AT 52 DUANE STREET 


LONDON 
NEW YORK 7 


Soule distributors of 


WHATMAN FILTER PAPERS 


(Manufacturers W. & R. Balston Ltd.) 
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Quality Chemistry Laboratory Apparatus and Instruments 
Manufactured by 

DR. B. LANGE, GERMANY. 

UNIVERSAL COLORIMETER 


This is a Photo-electric Colorimeter which can be used as a Fluoresceuce Meter alsid 
This can take tubes and cuvettes from 0.2 to 100 ml. capacity. ‘fhe colour of solids aga 


powders can also be measured. 


This works directly from mains and also from a 6 C battery. 


Other Instruments : 


Flame Photometers, Polarogeaphs, Turbidity Meters, Bolometers, Illumination Meters ete,” 


Service after Sales, a Speciality. 


SOLE AGENTS IN INDIA: 


TOSHNIWAL BROTHERS PRIVATE 
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